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O promote better health, mere enactment of laws is insufficient. 
Experience has shown that effective education of the public in 
nutritional matters depends to a great extent on the dissemination of 
the principles of nutrition, food values and related subjects. If the 
public is properly educated, it will naturally prefer the improved 
staple foods over those which are lacking in good nutritional value. 


HE practice of enriching or fortifying foods for better health is 

becoming more widespread. For example, enrichment of many 
cereal foods, the fortification of certain fruit and vegetable juices, 
and of margarine, are accomplished facts in the United States. The 
list lengthens because food processors know that, fundamentally, the 
most important factor in foods is nutritive value. So they are making 
their good foods better—to the benefit of millions of people. 


HE firm of Hoffmann-La Roche has for many years pioneered in 

the production of vitamins for the food and other industries 
throughout the world. These vitamins, synthesized by chemists, are 
identical with those existing naturally and are manufactured on a 
large scale at a much lower cost than if they were extracted from 
natural sources. These are the vitamins that are used for flour and 
bread enrichment, the process which to a great extent restores im- 
portant nutritional values which are unavoidably lost in the milling 
and processing of wheat when fine, white flour is produced. Rice, 
corn and other cereal grains are similarly restored and fortified. 


OCHE has experts in many fields and is now offering their ex- 
perience to you. You are cordially invited to discuss enrichment 


with us. 


[ROCHE | 
HOFFMANN-LA ROCHE INC. 


VITAMIN DIVISION 
Nutley 10, New Jersey 
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PRODUCTION, USES, AND COMPOSITION OF FOODS OF 
PLANT ORIGIN FROM ECUADOR 


HAZEL E. MUNSELL, RAUL CASTILLO, CLEMENCIA ZURITA, 
AND JOSE M. PORTILLA 


National Institute of Nutrition of Ecuador,” Quito 


o) 


(Manuscript received December 16, 1952 


The National Institute of Nutrition of Ecuador was established with 
the intent of studying the composition of foods of Ecuador and the nutri- 
tional condition of the people to determine what changes should and could 
be recommended in dietary habits and agricultural practices so that the 
nutritional status of the people might improve. 

As the first step in this program a food analysis laboratory was organ- 
ized. The collection of samples was begun in April 1951 and analyses 
have been made for content of moisture, ether extract, crude fiber, nitro- 
gen, ash, calcium, phosphorus, iron, carotene, thiamine, riboflavin, niacin, 
and ascorbic acid. 

The results obtained for 131 samples collected up to the middle of May 


1952 are presented in the following pages. 


METHODS OF ANALYSIS 


The methods of analysis used were the same as those used by Munsell et al. (1949) 


in the study of foods of “entral America. 

For moisture, ether extract, crude fiber, ash, and caleium the methods of the Asso 
ciation of Official Agricultural Chemists (7) were used. Nitrogen was determined 
according to the procedure described by Hamilton and Simpson (3). Total phosphorus 
was determined by the method of Lowry and Lopez (4) except that the solution of 
ascorbic used was one-tenth as concentrated as that recommended by these authors. 
Iron was estimated by the method of Hahn (2). 

The procedure for carotene was based on the methods of Moore (5) and Wall and 


Kelley (17) and gave values representing total carotenoid content. Concentration of 


"The National Institute of Nutrition of Ecuador was established as a result of 
the efforts of Dr. José M. Portilla and with the assistanee of Dr. Robert S. Harris, 
Professor of Biochemistry of the Massachusetts Institute of Technology. Following 
Government of Ecuador of a building to house the Institute an 


completion by the 
Government, the Pan American 


agreement was signed in July 1950, between the 
Sanitary Bureau (PASB), and the W. K. Kellogg Foundation (WKKF Under the 
terms of this agreement the Government has provided certain facilities and salaries for 
Eeuador, the PASB has provided technical direction of the scientific 
program, and the W.K.K.F. has provided funds for fellowships and for the purchase 
of equipment. The PASB commissioned Dr. Harris to direct the seientifie program 
Scientific Director of 


employees from 


during the first years of the contract and Ecuador made him 
the Institute. Under an appointment with the PASB (Regional Representative of the 
World Health Organization) Dr. Hazel E. Munsell has been holding the 
Director of the Food Analysis Laboratory and has been in residence in Quito since 
December 1950. Dr. Portilla holds the position of Director of the Institute 

This article is being published simultaneously in the Bulletin of the Pan American 


position of 


Sanitary Bureau. 
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thiamine was determined by the thiochrome technique, riboflavin was measured fluoro 
metrically, and for niacin the microbiological procedure was used. Aseorbie acid was 
determined by the method of Roe and Oesterling (15) and the values represent total 
ascorbic acid in the sample at the time it was stabilized. 

Natural conditions in Quito, where the laboratory is located, made it necessary to 
introduce some minor changes in procedures and to give particular attention in the 
management of certain pieces of equipment. 

The altitude in the area is given as 2818 meters, atmospherie pressure ranges around 
548 mm., water boils at 92°C., and atmospheric temperature seldom falls outside the 
range of 15 to 22°C, 

The relatively low narrow-range atmospheric temperature is, in some respeets, an 
advantage. The low atmospheric pressure on the other hand presents certain problems. 
Ventilation of hoods for heavy fumes is difficult. Evaporation of moisture proceeds 
rapidly and, although the drying oven used in the preliminary drying of slurried samples 
has been set at 92°C., it has been necessary to check samples carefully to avoid over 
drying. In fat extraction evaporation of ether was excessive due not only to the low 
atmospheric pressure but also to the relatively high temperature of the tap water. 
This loss has been reduced somewhat by cooling the tap water before it enters the 
condensers by passing it through a coil immersed in an ice bath. 

The effect of the low boiling temperature on crude fiber values is yet to be deter 
mined. Todd et al. (16) have produced evidence to show that it is definitely significant 
at an altitude of 6200 feet and undoubtedly it will be found to be much more signifi 


cant at 9300 feet. 
COLLECTION OF SAMPLES 


Keuador produces a wide variety of foods of interest to the food analyst. When 
the program outlined was initiated facilities were not available for colleeting samples 
at any great distances from Quito and therefore the early samples were obtained from 
the various markets in the eity. At that time all of the larger ones except one were 
outdoor markets. Foods are usually brought to these markets early in the morning and 
those from the immediate environs are very fresh. Those from other areas, especially 
the tropical fruits from the litoral, may have been gathered one or two days before 
reaching the market. Even so it was not very difficult to find representative items for 
sampling that were in good eondition, 

Many of the fruits and vegetables produced commercially in the highlands, espe 
cially in and around Ambato, were introduced either by the early Spanish settlers or 
later and many of these are common in European countries and in the United States. 
Seasonal foods seem to have adapted to the 2 seasons (winter or rainy season and 
summer or dry season) that prevail in production areas in this region 

Samples were usually purchased early in the morning so that the preparation of 
stabilized subsamples could be completed on the same day. These stabilized subsamples 
were prepared according to the procedures of Munsell ef al. (6). Determinations of 
ascorbie acid were usually made the day following the preparation of the subsamples 


and those of the other constituents as soon thereafter as possible. 


PRODUCTION AND USES OF FOODS STUDIED AND DESCRIPTIONS 
OF SAMPLES ANALYZED 


The foods listed are grrouped under 5 headings: Earth Vegetables, Herb- 
re Vegetables, Fruit Vegetables, Legumes, and Fruits. Since the com 


ag 
mon names of foods of plant origin vary from country to country and 
sometimes even from place to place within a country, it seemed more 
satisfactory to list the samples alphabetically according to the scientifie, 


rather than the common, name. In each case the common name appears 


in parentheses, however, following the scientific name 
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The original plan called for a botanist te ecolleet the samples and 
identify the specimens of foods of plant origin.” Unfortunately a quali- 
fied person was not available for this position and it was necessary for 
the other members of the staff to assume this responsibility. 


Identification of Samples Analyzed 


Earth vegetables: Allium Cepa L. (Cebolla). The onion is an important article of 
diet in Ecuador and several varieties are grown, principally in the highlands and inter 
Andean valleys. Onions are used in soups, in meat cookery, chopped with other vege 
tables, in sauces, in salads, and in many dishes where flavor is needed. The Indians 
make extensive use of the green tops 

For samples No. 49 and No. 50 six bunches with medium sized bulbs and green 
tops, weighing 1000 g., were purchased in Quito. The bulbs and tops were washed and 
dried on a towel. The green tops and the outer sheaths were removed from the bulbs 
which were then cut in small pieces for subsampling (sample No. 49 The green tops 
were cut crosswise and mixed (sample No, 50). For samples No, 77 and No. 78 two 
bunches of onions were used. The bulbs were relatively large and the leaves green 
and fresh. These were prepared for subsampling in the same way as samples No. 49 
and No, 50. 

Arracacha ranthorrhiza Baner. (Zanahoria blanca). This plant is a perennial herb 
which produces edible tapering tuberous roots resembling medium sized carrots in size 
and shape. The surface is deeply indented and of a dirty brown color. Produced in 
places where the temperature is moderate, 16-18°C., they are sold in markets through 
out the country at all seasons. They are eaten boiled, fried, in soups or puree, or in 
croquettes prepared with egg and meat. The roots of sample No. 33 were washed 
thoroughly, air-dried, peeled, and cut in quarters longitudinally for subsampling. 

Beta vulgaris var. crassa Alef. (Remolacha). Beets appear in many markets in 
Keuador but are not very popular. They may be used as a cooked vegetable or in 
soups or salads and are consumed throughout the central provinces, 

Sample No. 62 comprised 10 medium-sized, good-quality fresh roots. These were 
washed, dried, peeled, and then cut from top to bottom in wedge shaped slices for 
subsampling. 

Daucus Carota L. (Zanahoria amarilla), Carrots are grown in all highland areas 
throughout the year. Roots of all sizes, from 5 to 20 em, long, appear in abundance 
in the markets. Carrots are used as a cooked vegetable, in soups and, cooked, in salads 

Sample No. 43 consisted of 14 roots weighing a total of 1050 g. They were washed 
ind dried in the air, peeled, quartered, and the quarters cut crosswise in small pieces 
Samples No. 57 through No. 60 were purchased at one time. Sample No. 57 comprised 
two roots weighing 1065 g.; sample No. 5S of three roots weighing 975 y.; sample 
vo. 59 of six roots weighing 756 g.; and sample No. 60 of ten roots totaling 560 g 
Apart from size the roots of the different samples were very similar in appearanes 
All were of good quality with deep yellow color. The respective lengths were roughly 
19, 15, 11, and S em The roots were washed, left to dry, then cut half length 


wise and then in small pieces crosswise for subsampling 


Dioseorca alata I Papa China 0 Name). This vegetable grow he warm low 


lands and inner valleys. The root is soup : eg The plar 


it 4 , al t ‘ tefore eooking the 


in the shade to reduce the 


"No sample was taken that could not be identified aecuratels In checking fruit 
samples liberal use was made of the report by Popenoe (14 in which the economically 
important fruits of Eeuador are deseribed Dr. Louis O. Williams of the Escuela 
Agricola Panamericana, Tegueigalpa, Ilonduras, kindly cheeked several lists of names 
submitted to him. Mr. Wilbur Harlan of the Estacién Experimental Agricola del 
Ecuador y el Departamente de Agrieultura de los Estados Unidos assisted in the 
identification of several specimens and has supplied a number of samples. Dr. Alfredo 
Paredes, Deeano de la Facultad de Quimica y Farmacia de la Universidad Central 
} 


willingly helped in the identification of specimens submitted to him 
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Sample No. 87 consisted of 4 pieces of roots about 10 em. long and 10 em. in 
diameter. These were washed, dried, peeled, and cut in small pieces for subsampling. 

Ipomoea Batatas (L.) Lam. (Camote). Sweet potatoes are produced in the low 
valleys. They are eaten as a cooked vegetable but, although relatively cheap, they are 
not highly prized as food. 

Sample No. 88, camote papa, consisted of 14 medium-sized tubers. 
good quality with light cream-colored flesh. They were washed thoroughly with a brush, 
peeled, cut in half lengthwise, and then sliced crosswise. 

Sample No. 89, camote dulce, consisted of 15 medium-sized tubers with reddish 
purple skins and light cream flesh. The flesh of this variety has a decided sweet taste. 
These tubers were prepared for subsampling in the same way as sample No. 8&8. 

Oralis tuberosa Molina (Oca). This plant is cultivated throughout the highlands 
at altitudes between 3000 and 3500 m. and the tuberous roots are used extensively as 
food by the Indians. Before being cooked they are exposed to the sun for some days 
They are eaten as a boiled vegetable with or without sauce, or are 


These were of 


to sweeten them. 
fried in deep fat. 
Four pounds of roots were purchased for subsampling. These were washed thor- 
oughly and then divided into 2 portions. The roots of one portion, sample No. 126, 
were cut longitudinally and a slice taken from each for slurry C. The remainder was 
cut in small pieces and mixed. The second portion, sample No. 128, was exposed to the 
sun for 12 to 14 hours and then was subsampled as described for sample No. 126. 


Raphanus sativus L. (Radbano). This vegetable is common throughout the year in 
the markets of Quito and elsewhere. The roots are globose with white flesh and red 
skin becoming whitish toward the base. It is not used by the Indians and only to a 
limited extent by others and then only as a raw vegetable or in salads. 

Five bunches of whole plants, 20 with large roots and 37 with small ones, were pur- 
chased for sampling. These weighed a total of 800 g. and were fresh and of good 
quality. The leaves and roots were separated, washed thoroughly, and air dried on a 
towel. For one sample, No. 39, several unpeeled roots were cut in wedge-shaped slices. 
For another, No. 40, roots were first peeled and then sliced. The leaf blades were then 
used for a third sample, No. 41 (Herbage vegetables). These were broken in small 
pieces by hand and mixed. 

Solanum tuberosum L. (Papa). The potato is native to Ecuador, Chile, and Pert. 
It is found in all markets in plentiful supply throughout the year. Tubers vary in 
length from 4 inches to 1 inch or less. The small ones are usually available in much 
larger quantities. Tubers of the variety sold most commonly are more or less oval with 
a smooth skin and yellowish flesh. They cook to an even texture, but are not mealy. 
Potatoes are used in many ways: in a soup (locro) made with water and milk, onion, 
cheese, achiote, and salt; as puree; served boiled, with or without a sauce; served fried; 
one dish (llapingachos), common in the inter-Andean region, is made from mashed 
boiled potatoes mixed with cheese, fat, onion, achiote, and salt, and fried in fat. It is 
said that the Indians developed one of the first methods for preserving foods by dehy- 
some regions in order to prevent loss of old potatoes through spoilage 


dration. In 
and pressed in thin slices and placed in the sun to dry. When used they 


they are cut 
are fried in fat. 

Five pounds of medium-sized potatoes of the yellow-fleshed variety made up sample 
No. 92. For subsampling they were first washed and dried and a wedge-shaped slice 
cut from each and peeled for the C slurry. One half of each potato was then peeled 
and cut in pieces and these mixed for the other two slurries. 

Ullucus tuberosus Caldas (Melloco). This perennial tuber-bearing herb is grown 
throughout the country at the higher elevations from 3000 to 4000 m. The tubers, which 
are produced underground near the base of the plant, appear in markets at all times and 
are relatively cheap. In some varieties the skin is yellow and in others pink. They are 
eaten without peeling, boiled or in soups, or sliced in salads, with lemon juice, salt, 
onion, and culantro. 

Sample No. 20 consisted of small tubers with yellow skin. For subsampling they 
were washed thoroughly, air dried and cut in small pieces. The tubers of sample No. 
122 had red skins and white flesh. After washing and drying, longitudinal slices were 
taken for slurry C; the remainder was sliced for the other two slurries. 
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Herbage vegetables: Allium Cepa L. (Hojas de Cebolla). For sample No. 50 see 
Earth Vegetables, sample No. 49 For sample No. 78 see Earth Vegetables, sample 
No. 77. 

Brassica oleracea var. acephala D.C. (Col verde 
are grown only to a limited extent and most commonly in small patches by the 
The leaves are used in soups or as a cooked vegetable. 


Non-heading varieties of cabbage 
Indian 
for his own consumption. 

Sample No. 120 consisted of ten whole fresh plants. The leaves were dark green, 
fresh and tender. This material was subsampled the day following purchase. The 
tender leaves were removed, washed, wiped dry, the leaf blades removed from the stems 
by hand and broken in small pieces. 

Brassica oleracea var. botrytis L. (Coliflor). Cauliflower, a very common vegetable 
in the markets of Ecuador at all times of the year, is usually very good in quality. 
It is used in soups, cooked as a vegetable and served with or without a white sauce, 
or as a cooked vegetable in salads. 

Sample No. 42 consisted of 2 heads weighing 590 and 820 g. After removing the 
leaves and the large stem, the flower parts with the tender stems were cut in small 
pieces. 

Brassica oleracea var. capitata L. (Col), Cabbage 
the highlands and inter-Andean valleys. There are several varieties and some of the 
Cabbage is eaten as a cooked vegetable, used in 


is grown extensively throughout 


mature heads are of enormous size. 
soups, and to a limited extent in salads. In the markets it is not uncommon to see 
purchases consisting of a number of separate leaves, especially from the large heads. 
The innermost leaves of such heads are usually treated as waste. 

For samples No. 66, No. 67, and No. 68, a medium-sized head of cabbage (1500 g.) 
The leaves, which were light green in color, were removed individually 


was purchased. 
and 


and placed in three small groups: outer, sample No. 66; middle, sample No. 67; 
inner, sample No. 68. For subsampling the hard mid ribs were removed and the leaf 
blades broken in small pieces and mixed. 

For samples No. 96, No. 97, and No. 98 one head of col verde weighing 1700 g. was 
The leaves were separated and placed in three groups: outer leaves, sample No. 


used. 
were then 


96; middle leaves, sample No. 97; and inner leaves, sample No. 98. These 
subsampled the same as No. 66, No. 67, and No. 68. 

Sample No. 84 consisted of two heads purchased in Ambato. The heads of this 
variety are long and narrow, the leaves are green and packed loosely. For subsampling 
the outer worm-eaten leaves were discarded, the others separated, the hard part of the 
stems removed, and the remainder cut in small pieces. 

For sample No. 55, col corazén, 3 heads weighing between 800 and 1000 g. each 
were purchased. The leaves were light in color. After discarding injured outer leaves 
the remaining leaves were removed from each head in turn and placed consecutively in 
6 piles. Two piles were then selected for the subsamples. The hard stems were removed 
from the leaves and blades then cut in smal! pieces and mixed. 

Sample No. 125 comprised 3 small heads of so-called purple cabbage. 
like others, is used in salads with olive oil and lemon juice, and also as a cooked vege 
table. Damaged leaves were discarded, the heads washed superficially and cut in half 


The center stem was discarded and a slice taken from each head for 


This variety, 


longitudinally. 
slurry C. The remainder was cut in small pieces and mixed. 

For samples No. 69, No. 70, and No. 71 one large head of col de seda weighing 
The leaves of this type of cabbage are very crisp and brittle 


4800 g. was purchased. 
For subsampling the leaves were removed one by one and 


and completely bleached. 
after the hard stems were removed they were made into 3 groups: outer, sample No. 69; 
middle, sample No. 70; and inner, sample No. 71. 

One head of col de seda was also purchased for samples No, 95, 
This weighed 3300 g.; the leaves were fresh and brittle and showed almost no 
sample No, 95; 


No. 94, and No, 93. 
green 
color. Leaves were separated as for the above samples into outer, 
middle, sample No. 94; and inner leaves, sample No. 93. 

Brassica oleracea var. gemmifera Zenker. (Col brusela). This vegetable, like eab 
bage, is grown in the highlands and inter-Andean valleys. It is used as a cooked 
Sample No. 85 consisted of a ‘‘portion’’ as sold in 
heads were of medium 


vegetable, in soups or in salads. 
the market weighing 760 g. and made up of the little heads. The 
size, fresh, of good quality, and with a good green color. After the damaged outer 


leaves were removed the heads were washed, air dried, and quartered. 
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Brassica Rapa L. (Hojas de nabo)., Turnips appear in most markets at all seasons. 
The leaves, which are used extensively by the poor, are eaten most commonly in soups 
No. 24, and No. 35, were prepared for subsampling 


and also in salads. The 2 samples 


in the same manner. After removal of the hard stems the leaves were washed thor 
oughly, dried on a towel, and then broken in pieces with the hands. 

Coriandrum sativum L. (Culantro). This plant, which grows to a height of 20 or 
30 inches, is common throughout the highlands. The leaves have a much more pungent 
odor than the leaves of other Umbelliferae such as parsley and celery, and are used for 


flavor in soups, with meats and fish, and in vegetable salads. 
The plants used for sample No. 51 were washed, air dried and the leaves and 


flowers removed and mixed for subsampling. 

Plants for sample No. 100 were washed, the leaves and tender shoots removed and 
washed 5 times more, the last time with distilled water. The material was then sep 
arated into smaller pieces, dried on a towel, and subsampled. 

Lactuca sativa var. intybacea (Jacq.) Hort. (Lechuga). Lettuee grows readily in 
is mostly of the Iceberg variety and the heads are of good 
For sample No. 86 three heads weighing 
green 


the highland areas. It 
quality. It is used chiefly as a salad green. 
more than 350 g. each were purchased; the leaves were fresh and of a good 
color, After removing injured leaves the heads were washed, dried, and subdivided 
into small pieces using a stainless steel knife. 

Nasturtium officinale R. Br. (Berro). This perennial herb grows as a wild plant 
in most places where there is fresh water. Very cheap, it is eaten without cooking 
but may be used in soups. Sample No. 23 consisted of whole plants without roots. 
These were washed, air dried, and the leaves and terminal shoots removed and mixed 
for subsampling. 

Petroselinum crispum (Mill.) Mansfeld (Perejil). Parsley grows in the highlands 
and valleys. It is used chiefly for flavor in soups, and uncooked in salads. The material 
for sample No. 99 consisted of fresh leaves of a good green color. After washing, 
the leaves and tender shoots were removed and washed 5 times more, the last time with 
distilled water. The material was then dried on a towel and cut in small pieces and 
mixed, 

Raphanus sativus L. (Hojas de rdbano). For sample No. 41 see Earth Vegetables, 
sample No, 39. 

Sample No. 101 represents the wild radish that grows as a weed in cultivated fields 
present is not used as food. Plants used for the sample were 
After 
were 


and grasslands but at 
pulled in the afternoon and brought to the laboratory the following morning. 
freshening for 3 hours by keeping the roots submerged in water, the leaves that 
suitable for use as a cooked green were removed and thoroughly washed rhe stems 


and hard ribs were then removed and the leaves washed once more with distilled water. 


After drying on a towel they were broken in pieces and mixed. 

Tetragonia expansa Thunb, (Espinaca), This hardy herb is used extensively in 
Central and South America as a substitute for spinach. In markets of Ecuador the 
These are cooked as a vegetable but are gene rally 


separate leaves are offered for sale 
with 


made into a kind of sauce (salsa) by passing through a sieve and then seasoning 


butter, onion, and spices. For sample No, 22 a ‘‘portion’’ was purehased. The leaves 


were washed and air dried on a towel; whole leaves were taken for the subsamples 
Fruit vegetables: (uevrhita ficifolia Bouché (Zambo In a sense, this is a wild 
plant sinee it grows freely in gardens, or on roadside fences and at all elevations 
The fruits, whieh are elliptical in shape with green skin marked 
white striations, appear in all markets in all seasons and are very cheap. They vary 
pound to the large mature 


with longitudinal 


in size from small immature fruits weighing less than 1 


fruits which may weigh 10 pounds or more. The flesh is thick and greenish white; the 


and in the fruits in the markets are usually white and 


numerous seeds are small soft: 
in the fully mature fruit they are black. In general appearance this fruit 
us a vegetable, especially 


and flavored with 


rest mbles 


certain varieties of watermelon. They are eaten cooked 
in soups; the flesh of mature fruits may be cooked with molasses 
prepare it for cooking 


juice of naranjilla as a ‘*dulee.’’ In the country the Indians 


by removing the seeds and pulp through an opening at one end and filling the eavity 
with molasses. It is then set in the open fire to roast. The immature fruits are eaten 
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as a cold salad with onions, lime juice, and salt. Seeds from mature fruits may be 
toasted and eaten with salt. 

Sample No. 21 consisted of 11 small very immature fruits. For subsampling they 
were washed, dried, peeled, the seeds removed, and the flesh cut in small pieces. Sample 
No. 26 consisted of 2 fruits about 30 em. long and weighing about 4700 g. each. A 
longitudinal wedge was cut from each, pealed, the seeds removed and the flesh eut in 
small pieces for subsampling. 

Cucurbita Pepo L. (Castellano, Zapallo This plant is cultivated more or less 
casually since the fruit is not greatly appreciated although it is eaten in large amounts 
by the Indians because it is cheap. It is used in soups or for the preparation of a dulee 

Sample No. 127, consisted of one large fruit weighing about S000 g. and which 
resembled closely fruits of C. maxima. For subsampling a longitudinal quarter section 
was cut and the seeds removed. A longitudinal slice was then eut from this, peeled, 
and used immediately for the © slurry. The remainder was peeled and eut in small 
pieces, 

For sample No. 37 one fruit weighing about 8 pounds was used. The skin was green 
and the flesh yellowish green. For subsampling the skin and seeds were removed and 
the flesh cut in small pieces. 

Samples No. 147 and No. 148 came from one very large squash. For sample No, 147 


a longitudinal section was cut from the side that had been exposed to the sun. For 
sample No. 148 a similar longitudinal section was taken from the side that had rested 


on the ground. These were then subsampled in the same manner as sample No, 127 

Lycopersicum esculentum Mill. (Tomate extranjero) This variety of tomato is 
grown in the warm parts, especially near the coast. The seed is imported. The fruits 
are marketed throughout the year but are in greatest supply from June to October 
when they are reasonably priced. The fruits are oblate spherical and the surface is 
smooth with few if any indentations. Tomatoes are used in salads or in soups and sauces 
(salsas) for flavor. 

Sample No. 32 comprised 12 good-quality ripe fruits deep red in color and weighing 
about 120 g. each. For subsampling they were washed and dried, sliced and eut in 
small pieces. The skin was included. For sample No. 61 seven good quality, medium 
size, fully ripe fruits of good red color were purchased. After washing and drying 
they were cut in wedge shape slices for subsampling 

Lycopersicum esculentum Mill. (Tomate del pais o Tomate rinér These fruits are 
small, somewhat flattened and deeply furrowed. They are generally used for flavor in 
soups, sauces, and other dishes 

For sample No, 48 thirty seven good quality fruits weighing S45 g. were purehased 
The fruits were washed, wiped dry and eut in pieces for subsampling. For sample 
No. $ three pounds s).40) fruits were purchased They were subsampled in’ the 
same manner as fruits of sample No. 48. Sample No. 6 onsisted of 2 pounds of 
good-quality small red fruits. They were washed, wiped dry, and then sliced from 
top to bottom 

Sechium edule (Jaeq Su Iehoagcha This cucurbit grows readily in many parts 

the country. The achogeha fruits are blunt at the stem end and sharply pointed at 
the terminus The s nous brig ry ! nd strong! ritole The flesh yu enish white 
and surrounds a number of small black seeds 
in soups or, after the seeds ; emoy , mav be 
with chopped eggs, achiot 

For sample No. S83 ort g., of fruits was purel 
and of good green or vy following purchase they 
sampling by washing 1 drving, removing the seeds, and cutt 
in small pieces 

Legumes: Pha 
vegetable with or without wl 


ible in the markets consist 


rather tough after cooking 
A portion, 620 g., was purchased for sample No. SO; the pods were of medium 
voung and of a good green color After washing and drving, the ends were removed 
nder cut n small pieces ind mixed 
{rveja Peas are produced 


eommonly grown has smal 
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with 4 to 6 seeds per pod. Peas are used as a cooked vegetable, in soups, with ground 


meat and, cooked, in salads. Young tender seeds may be used in salads served with 
oil or white sauce, 

Sample No, 81 consisted of a portion of pods weighing 1100 g. These were young, 
fresh, of geod quality and of a good green color. The peas were shelled and sub 
sumpled the day following purchase. 

Vicia Faba L. (Haba). This legume is grown in the highlands and inter-Andean 
When fresh the seeds are used as a cooked vegetable, the hard outer skin being 
The inner skin is disearded as they are eaten, usually out of 
foods 


valley Ss. 
removed before cooking. 
When dry they are also boiled and eaten out of hand. This is one of the 


hand. 
s also made 


commonly eaten by the Indian as he travels from place to place. A flour 
from the dry roasted peeled beans which may be used in soups. A portion of fresh, 
green, good-quality pods was purchased for sample No. 82. The 
from the pods, peeled, divided into the 2 halves and mixed. 
Fruits. The country of Eeuador produces such a variety of fruits that some are 


seeds were remoy ed 


always available in the markets. 

Ananas comosus (L.) Merrill (Pina). Pineapples are grown 
sea level up to 1800 m. Those produced in the province of Guayas, especially in the 
The pineapple is generally eaten out 


n many places from 


vicinity of Milagro, are famous for their flavor. 
of hand but may be used in marmalade, ice cream, or for refresco. 

Sample No. 10 consisted of 2 fruits weighing between 4 and 5 pounds each. The 
skin of each was greenish yellow and the flesh white, very juicy and of a very delicate 
favor. For preparing subsamples the fruits were cut in half longitudinally, a longi 
tudinal wedge was taken from one half of each and peeled and sliced for the C slurry 
The remaining halves were peeled, cut in small pieces, and mixed. 

For sample No. 56 two fully ripe fruits weighing about 1890 g. each were used. 
After washing and drying they were peeled and the cores removed. The flesh was 
then cut in small pieces and mixed for subsampling. 

Sample No. 76 comprised two small, fully ripe, yellow fruits from Bajos. 
they are 


Fruits 


from this aren are smaller than those from the coastal area, and, although 


of poor appearance, the flesh is very juicy and has very good tlavor. After peeling the 


fruits were sliced, the brown spots and cores removed, and the remainder cut in small 
preces 
Annona Cherimola Mill, (Chirimoya). This tree, which grows only in the valleys 


of the sterra, was found originally growing wild in the provinee of Loja and is probably 


indigenous to Ecuador. It is now cultivated. Fruits are in season from Mareh to June 
, ! 


They may vary from 100 g. or less to more than one pound in weight and are generally 
sherbet or ice cream. The flesh is white with numerous 


eaten out of hand, or used in 
large black seeds and has a very delicate enticing flavor. 
Sample No. 1 consisted of 3 fully ripe fruits of about 500 yg. each, The flesh was 


removed, freed of seeds and mixed for subsampling. 
Annona muricata L. (Guandbana), This tree is commonly cultivated in the coastal 
lowlands and in the low valleys but seldom above 1200 m. While the fruit 


article of diet in the lowlands it appears in limited quantity in highland markets. 


won common 


It is eaten only as a sherbet. 
Sample No. 112 comprised two fully ripe fruits, one large and one small, totaling 
I875 g. After washing and drying the white flesh was freed of seeds and mixed. 
Carica candamarcensis Hook. f. (Chigualean). This tree, whieh is probably indig 
enous to northern South America and is common throughout the sierra, has a some 
what stouter trunk than the papaya. The fruits are elliptical, sharply pointed at 
the apex and deeply 5-sutured and are smaller than fruits of C. Papaya and C. pentagona 
The seeds are included in a gelatinous pulp. When ripe the fruits are of a deep orange 
They are sold commonly in highland markets and are generally eaten cooked in 
conserves or as a ‘‘*dulee.’’ The sample consisted of 13 ripe fruits weighing about 
175 yg. each. For subsampling they were peeled and two portions made, one of the seeds 
with surrounding pulp, sample No. 17, and the other from the true flesh, sample No. 18. 
Carica Papaya L. (Papaya), This fruit is grown in all parts of the country at 
elevations up to 1800 m. There are a number of excellent varieties, some of which are 
superior to those grown in other countries. It is generally eaten out of hand. 
For sample No. 13 two fruits, about 5 pounds each, were purchased in Quito. 
was fully ripe and the other slightly under-ripe. For subsampling a longitudinal wedge 


color. 


One 
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was taken from each. These were peeled, the seeds removed, and the remainder cut in 


small pieces. 
For sample No. 52 three fruits weighing between 775 and 875 g. were purchased 


in Quito. These were fully ripe and of good quality. They were subsampled in the 


same manner as those of sample No. 13. 

Carica pentagona Heilbron (Babaco), This tree grows throughout the inter-Andean 
area and is cultivated in many places between 1800 and 2600 m. altitude. The fruits, 
which are often seedless, are somewhat smaller than the papaya and the tree is seldom 
taller than about 3 m. The fruits are strongly 5-angled with flesh about 1.5 to 2 em. 
thick and are eaten only after cooking. The flesh may be cut in slices or in small 
pieces and mixed with orange or naranjilla juice. It is often eaten with mazamorra 
morada, (see Vaccinium floribundum 

Sample No. 118 consisted of 2 fruits weighing about 700 g. each. After washing 
they were peeled and the flesh sliced lengthwise and then across into small pieces. 

Citrus aurantifolia (Christmann) Swingle (Limén sutil). This tree grows in the 
lowlands and in warm areas up to 1800 m. This is the ‘‘lemon’’ of tropical countries; 
the fruit is used for refreseos and for flavor in cooking. It is also used in large 
quantities, chiefly by the Indians, as a medicine 

Sample No. 30 consisted of 25 fruits of about 40 g. For subsampling the juice 
was extracted by means of a glass reamer. 

Citrus limetta Risso (Lima dulee). This tree grows throughout the country at 
elevations up to 2000-2500 m. In appearance the fruit resembles the lemon; it is very 
juicy with a sweet but somewhat insipid flavor and is generally eaten out of hand. At 
present the number of trees is rather limited due to disease from an invading parasite 


**E] Coma del Citrus (Lepidosaphes beekii; Lepidosaphes qlobert) 

For sample No. 19 twenty-four fruits were purchased. These averaged 90 g. and 
were fully ripe with yellowish green skins. After the outer skin, the inner white mem 
brane and the seeds were removed, the segments were bisected and mixed for subsampling 

Citrus Limon (L.) Burm. f Limon real The lemon grows in Tungurahua and 
Imbabura provinces and other warm valleys and on the coast, but nowhere is it of 
commercial importance. The fruits are larger than those of limon sutil but the skin is 
thick, the pulp is rather dry, and the flavor is less pleasing. The fruits may be used 
for refrescos or in marmalade, 

For sample No. 31 twenty-five fruits, weighing about 140 g. each, were purchased 
in Quito. Juiee only was used in the subsamples 

Citrus Marima (Burm Vern (Toronja Grapefruit’ trees are found near the 
coast and up to 1500 m. in some of the warm inter Andean valleys. Some good varieties 
are now available ineluding fruits with pink flesh as well as white rhe fruit may be 
eaten out of hand or used for marmalades in which both flesh and skin are used 

Sample No. 27 eomprised 11 fruits weighing about 500 yg. each. After removing 
the skin, inner membrane, and seeds the segments were cut in half and mixed for 
subsampling 

Citrus reticulata Blanco (Mandarina). This tree is found at various places through 
out the country but is cultivated commercially only in Tungurahua Province, especially 
in the valley of the Patate. The fruits are small with thin skins, numerous seeds and 
much ‘‘rag.’’ The fruits grown in the vicinity of Santo Domingo are relatively large 
The market supply is irregular according to the season and the supply is never very 
large. The fruits are eaten out of hand 

Sample No. 28, mandarina de Patate, comprised 25 fruits of 60 g. each and with 
orange-yellow skins. The segments, free of membranous material and seeds, were cut 
in half and mixed for subsampling. 

Sample No. 29, mandarina de Sto. Domingo, comprised 25 fruits with green skins 
and weighing between 100 and 125 g. each. They were prepared for subsampling as 
fruits of sample No. 28. 

Citrus sinensis (L.) Osbeck, Naranja. The orange is an important fruit in Ecuador 
and is eaten extensively as a fruit out of hand. Most of the trees are seedlings although 
work is now being done to standardize and improve varieties. They are cultivated 
chiefly in the coastal lowlands and to a limited extent in some warm inter-Andean 
valleys, notably Guayllabamba Valley, Piehincha Provinee, Chota Valley, Imbabura 
Province, and Patate Valleys in Tungurahua Province 
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The 12 fruits of sample No. 44 weighed 1760 g. After washing and drying the 
fruits were cut in half, the seeds removed and the juice extracted with a glass reamer. 

For sample No. 72 twelve fruits weighing 1130 g. were purchased in Quito. The 
skins were a good yellow color but the fruits were somewhat over-ripe. The juice was 
extracted with a glass reamer and, after removing the seeds, mixed for subsampling. 

The 18 fruits of sample No. 46 weighed 3070 g. They were subsampled the same 
as sample No. 44. 

Crataegus pubescens (HBK) Steud. (Manzana silvestre). This tree grows wild in 
the provinces of Pichincha and Azuay. The fruits, in season from March to May, are 
globose and small, about 2.5 em. in diameter. The flesh is whitish, rather dry and 
mealy, but has a pleasant flavor. The fruits may be eaten out of hand or used for 
marmalade or jams. 

Sample No. 36 consisted of mature fruits of good quality with orange-yellow skins 
and yellow flesh. They were washed, quartered, and the seeds removed for subsampling. 

Cydonia oblonga Mill. (Membrillo). The quince grows throughout the inter-Andean 
area but is cultivated commercially chiefly in Ambato. The fruits are used in marma 
lades, conserves, dulces, and similar sweets. 

Sample No. 116 consisted of 8 somewhat acrid fruits with greenish-yellow skins 
and light yellow flesh. After washing and drying a longitudinal wedge-shaped slice 
was removed from each and peeled for the C slurry. One half of each fruit was then 
peeled and the flesh sliced and mixed. 

Cyphomandra betacea (Cav.) Sendt. (Tomate dulce o tomate de arbol). This tree 
grows throughout the inter-Andean area at elevations of 1500 to 2800 m. and is a com- 
mon tree in dooryards and gardens. The fruits are oval to elliptical in shape, 7 to 9 em. 
long, and orange-red in color when ripe. The flesh contains many small seeds, is orange 
yellow in color and has a flavor suggestive of tomato. It is generally cooked with 
sugar and served as a dulce or conserve, or used in a refresco. In the high valleys 
refresco is commonly sweetened with crude sugar (raspadura). 

Sample No. 3 consisted of 25 fruits weighing about 60 g. each. Sample No. 12 
consisted of 22 good-quality, ripe fruits weighing 65 g. each. Sample No. 74 consisted 
of 24 good-quality, mature, medium-sized fruits. In each case the edible flesh with 
seeds was mixed for subsampling. 

Eriobotrya japonica (Thunb.) Lindl. (Nispero). This tree grows in the highlands 
and may be seen occasionally in the lowlands. The globose fruits are 2 to 3 em. in 
diameter with a thin layer of flesh clinging to several more or less round seeds. When 
ripe they are yellow or orange and the flesh is juicy and of pleasant flavor. 

Sample No. 129 consisted of 85 fruits of about 15 g. each. They were ripe and of 
good color. For subsampling they were washed and peeled, the flesh cut in half and 
a slice taken from several fruits for the C slurry. The remaining flesh, freed of seeds, 
was cut in small pieces. 

Ficus Carica L. (Higo). The fig tree in Ecuador is very successful as a fruit-bearing 
tree although not grown to any extent commercially. Trees are found throughout the 
inter-Andean area and the fruits are used chiefly for dulces. 

Sample No. 114 consisted of 50 medium-size, green, unripe fruits. These were 
washed, dried, quartered lengthwise, and then sliced lengthwise. The subsamples in 
cluded skin and seeds. 

Fragaria chiloensis (L.) Duchesne (Frutilla), This plant has been cultivated at 
Ambato since remote times. It is the strawberry of Quito and is common in several 


provinces but is produced on a commercial scale only near Ambato. Fruits are produced 
the year around but in abundance at 3 seasons, February, August, and December. The 
fruit is oblong-conical and when ripe is light red with pinkish-white flesh having a 


sweet mild flavor. It is used as a fruit out of hand, for marmalade, jams, in ice cream, 
and in various other ways in desserts. 

Fruits of sample No. 8S were large, red, and of excellent quality. They were 
washed, air dried, quartered longitudinally, and mixed for subsampling. 

The 100 fruits of sample No. 107 were of medium size, fully ripe, pink in color, 
and of good quality. They were prepared and subsampled in the same way as sample 
No. 38. 

Malus sylvestris Mill. (Manzana). This fruit was probably introduced into Eeuador 
in colonial times by Spaniards from Castilla Province. Trees may be found in highland 
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towns from Ibarra to Loja but the chief centers of commercial production are Ambato 
and Cuenca. Some of the best varieties grown commercially are the azotada, the Emilia, 
and the pasposa, 

The azotada, which ripens in February and resembles the Red Astrakan, is a fruit 
of medium size, with yellowish-green skin streaked with red and has a subacid flavor 
It is used chiefly as a cooking apple. Sample No. 7 consisted of 20 small (60-70 g. each) 
ripe, good-quality fruits. After washing, one half of each fruit was peeled and the 
core and seeds removed. A wedge shaped piece Was taken from each and composited 
for determination of vitamin C. The remainder was used in the subsamples for the 
determination of other nutrients. 

The Emilia, which is highly prized as an eating apple, is one of the best apples 
produced in Ecuador and the price may be 4 to 5 times that charged for other varieties. 
The season runs from March to May. On the average the fruit is 7 to 8 em. in diameter 
but may reach 12 or even 15 em. The skin is yellowish with a pink cheek; the flesh is 
white, very juicy, and sweet with a pleasant flavor. Five large, good quality fruits 
of about 280 g. each, made up sample No. 5. These were subsampled in the same way 
as the azotada. 

The pasposa, which is in season from February to March or April, is a medium 
sized apple (90 g.) with a brownish green slightly rough skin. The flesh has a some 
what acid flavor. It may be peeled and eaten out of hand but is more commonly used 
cooked as in jams, marmalades, and apple sauce. Sample No. 6 consisted of 17 medium 
size, ripe, good-quality fruits. They were subsampled in the same way as the azotada 
and Emilia. 

Mangifera indica L. (Mango). The mango grows only in the coastlands where it 
is a common but highly prized fruit. It is eaten out of hand. 

Sample No. 106 consisted of 15 fruits weighing about 150 g. each. The skins 
were yellow with some black spots. The flesh was yellow, of good flavor, and with the 
usual number of fibers or hairs. The fruits were washed, dried, peeled, the flesh was 
removed from the seed, and squeezed through coarse cloth to remove the fibers. 

Matisia cordata Humb. and Bonpl. (Zapote o Sapote). This tree, common in the 
coastlands, is cultivated up to 1200 m. The name, Sapote or Zapote, should not permit 
confusion with Calocarpum mammosum, common in Central America. Fruits of Matisia 
cordata are large, up to 12 em. in diameter, globose with rough, brownish, thick skin, 
and juicy orange-yellow sweet flesh containing 2 or 3 brownish seeds. 

Sample No. 121 consisted of 10 fruits weighing about 300 g. each. For subsampl 
ing they were washed, cut in quarters, the flesh removed from the skin, and the seeds 
expressed by hand. 

Musa paradisiaca var. sapientum L. (Platano de seda). Bananas are grown through 
out the country at elevations up to about 2300 m., and are cultivated extensively in the 
coastal lowlands, in the provinces of Guayas, Manabi, and Esmeraldas, from where 
they are transported by truck to the highland areas. The banana is eaten in large 
quantities by the Indian population as a fruit out of hand, but when green they may 
be eaten cooked. Of the several varieties known, fruits resembling the Gros Michel 
variety are produced in greatest abundance. 

Sample No. 73 consisted of 4 hands. They were of medium size, of good qual 
ity, unripe, and with green skins. After peeling they were cut crosswise in thin slices 
for subsampling. 

Opuntia Bonplandii Pfeiff. (Tuna). This is a common plant in dry places along 
the highways and on wasteland throughout the highlands. The fruits, which are pro 
duced in abundance, are covered with short needle-like spines. The flesh of the various 


species of tuna varies from yellow to greenish white and is filled with small, hard 


round seeds. It is eaten out of hand. 

Sample No. 4 comprised 16 fruits of about 100 g. each with greenish-yellow flesh 
Flesh and seeds were used in the prepared sample. 

Passiflora liqularis Juss. (Granadilla), The granadilla grows throughout Ecuador 
and is cultivated chiefly at elevations of 2200 to 2700 m. but is a common fruit in 
markets in all parts of the country. The vine climbs readily over trees and buildings 
The fruit is oval, 5 to & em. long, with a thick brittle shell, and orange brown on the 
outside. The pulp encloses many small black seeds each encased in translucent juicy 


flesh. The flavor is slightly acid but pleasant. It is eaten out of hand 
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Sample No. 9, consisted of 25 fruits averaging 60 yg. For subsampling the pulp 
with seeds was removed and mixed. 

Physalis peruviana L, (Uvilla). This plant grows spontaneously along roadsides 
and on the sides of cultivated fields—in all places except the low wastelands. It may 
also be cultivated to a limited extent. In Ambato it is grown in fields where frutillas are 
also grown. When sold in the markets i; is relatively cheap. It is eaten out of hand 


or may be cooked with sugar. A preliminary treatment with hot water removes a 


slightly bitter flavor. 

Sample No. 115 comprised 2 pounds of the fruits purchased in the husks. After 
removing the husks the fruits were washed, dried, and cut in half. 

Prunus Capuli Cav. (Capuli). This tree grows throughout the highlands between 
1800 and 3400 m. where it is more or less wild. The fruits resemble the European 
cherry and the common wild black cherry found in the United States and Mexico 
except that they are much larger than the latter. The season runs roughly from Decem 
ber through April when the fruits are sold in large quantities in markets and by 
street vendors. 

For sample No. 108 two pounds of fully ripe fruits were purchased in Quito. The 
skins were purplish black and the flesh was greenish. The tlesh and skin were removed 
from the seeds and mixed. 

Prunus cerasifera myrobalana (L.) C. Schneid (Mirabel). This variety of plum, 
originally brought in from Europe, is grown only in Ambato and more extensively than 
other varieties. The trees are tall and produce fruit in abundance, The season runs 
from December through February and the red, juicy, flavorful fruits appear in abun 
dance in the markets. 

Sample No. 19 comprised 100 fruits. These were slightly under-ripe with red skins 
and firm flesh. After washing and drying, the flesh—-with the skin—-was removed from 
the seed and quartered. 

Prunus persica (L.) Sieb. and Zuce. (Durazno), The peach is one of the fruits 
brought to Ecuador by the Spaniards and is now cultivated in all provinces of the 
sierra but commercially only in Tungurahua and Azuay Provinces. The name “durazno” 
is commonly reserved for fruits of the clingstone variety while “guaytambo”™ is used 
for the freestone type. 

Sample No. 109 comprised 15 fruits of the clingstone type. They were small, not 
fully ripe, with yellow to greenish skins and yellowish-pink flesh. They were washed 
and dried, the flesh—-with skin—removed from the seed and sliced. 

Sample No. 113 was made up of 10 large fruits of the free-stone type weighing 
about 65 g. each. The skins were light green with pinkish areas and the flesh was white 
They were washed and dried and the flesh with skin was sliced. 

The 18 fruits of sample No. 119 weighed about 55 g. each. The skins were greenish 
yellow and the flesh white. After washing and drying they were broken in half and the 
skin and flesh sliced with a stainless steel knife. 

Prunus salicina Lindl. (Claudia). This is one of the several varieties of plums 
grown in Ambato. It may be called the Chabot or Bailey plum and was introduced 
into Keuador about 1918. The season runs from Deeember through February and 
during that time the fruit is an important item in all markets and sold extensively 
by street vendors, 

Sample No. 102, Reina Claudia, comprised 20 large, good-quality, ripe fruits with 
dark red skins and yellow flesh. They were washed and dried and the tlesh——with skin 
was cut into 4 parts. 

Sample No. 103, Claudia rosada, also comprised 20 large good-quality ripe fruits 
with yellowish-pink skins and yellow flesh. These were treated in the same way as 
sample No. 102. 

Psidium Guajava L, (Guayaba). The guayaba is one of the more common fruits 
and is grown from sea level to 2300 m. elevation. The round fruit, which contains many 
small hard seeds, is usually yellow with flesh that may vary in color from = greenish 
white to pink or orange red. The fruit may be eaten out of hand but is more commonly 
used in the preparation of marmalades made with sugar, and for dulce de qguayaba 


made with crude sugar (raspadura). 
Sample No. 11, consisted of 24 fully ripe fruits weighing about 65 g. each. The 
skins were greenish yellow and the flesh pink. After washing and air drying a longi 
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tudina 
in sma 

The 25 fruits ’ : | ’ 7 wer f rather inferior quality and. slightly 
over ripe Phe sk washing and drying the fruits 
were quartered and slice 

Pyrus communis L. (Pera veral var of pears are grown in Eeuador 


chiefly at Ambato and Cuenea where the season runs from January through April 


Propagation is usually by suckers and identification is made accordingly sinee there 


is no record of forms introdueed As a result of cross breeding there are many vari 
eties difficult to identify 

Sample No. 8, pera chirimoya, comprised 25 fruits of about 90 g. each. The skins 
were greenish vellow and the flesh white and of a very pleasant flavor. For sub 
sampling the fruits were peeled and, after the seeds and cores were removed, the 
remaining flesh was diced and mixed 

Sample No. 105, pera cirucla, consisted of 20) fruits weighing about 70 g. each 
They were medium-sized, of rather poor quality, under-ripe, and the skins were mixed 
green and brown with a reddish blush on one side. The flesh was white with a very 
pleasant flavor. The fruits were washed and dried, then cut in quarters and the seeds 
removed. The quarters, including skin, were then sliced and mixed 

Sample No. 104, pera de manteca, comprised 15 fruits weighing about 75 g. each 
These were not fully ripe; the skins were green and the flesh white. For subsampling 
they were treated the same as sample No. 105 

Sample No. 111, pera del pais, comprised 25 ripe fruits weighing about 25 g. each 
The skins were greenish yellow and the flesh white. These were also sampled in the 
same way as sample No. 105. 

Sample No. 110, pera uvilla, consisted of 15 slightly under-ripe fruits weighing 
about 60 g. each. These fruits were large for this variety; the skins were light green 
and the flesh white. For subsampling the sample was treated the same as No, 105 

Rubus glaucus Benth. (Mora de Castilla). This plant was originally native in the 
highlands of Ecuador but has been cultivated until several horticultural varieties are 
known, It is a vigorous grower and may reach a height of 3 m. This fruit is produced 
commercially in Ambato and Ibarra and throughout Imbabura Provinee. In flavor the 
fruit resembles the raspberry and is very pleasant. It is used in jams, marmalades 
and, in Otavalo, in a special syrup, ‘‘arrope de mora,’’ used in refrescos and ice cream 

Sample No. 15 consisted of very dark red, fully ripe fruits. For subsampling they 
were cut in half longitudinally and mixed. 

Fruits of sample No. 79 were large, ripe, and in very good condition. The material 
was prepared for subsampling the day following that on which it was purchased. The 
berries were quartered and mixed. 

Rubus urticacfolius Poir. (Mora silvestre). This is the common wild blackberry 
which grows in abundance along roadside fences and around cultivated places’ in 
Tungurahua Provinee. The fruits are small, oval, with soft seeds, and when ripe, have 
a sweet agreeable flavor. They appear in markets more frequently than Mora de 
Castilla, and, like that fruit, are used in jams, marmalades, and refrescos. Sample No 
16 consisted of good-quality fruits. They were hulled, cut in half, and mixed for 
subsampling. 

Solanum muricatum Ait. (Pepino dulce This shrubby plant grows throughout the 
inter-Andean area at elevations between 1200 and 2700 m. The fruits are usually 
long and slender with yellowish skin having longitudinal purple markings. They may 
be seedless or with small immature seeds. The flesh is very juicy and has a erisp, 
subacid flavor. The fruit is more abundant in the markets at some times than at others 
but is generally found the year around. It is eaten out of hand. Sample No. 25 eon 
sisted of 8 fruits weighing about 280 g. each. The flesh only was used in the subsamples 

Solanum quitoense Lam. (Naranjilla). The naranjilla grows throughout the sierra 
at altitudes between 1500 and 2600 m. but is produced on a commercial seale in the 
Pastaza Valley region of Tungurahua Provinee, especially near Bafios, and to a limited 
extent in the eastern sections of Imbabura and Pichineha Provinces. The fruits, which 
are covered with coarse hairs, are spherical in shape, about 5 em. in diameter and, 
when fully ripe, of a bright orange color. The skin is thick and leathery in texture. 
The pulp, which is greenish in color and very juiey, contains many small seeds. The 
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juice has a pleasant subacid flavor and is used extensively as a refresco, 
ice cream, Fruits that have ripened in the sun have a sweet refreshing 
less ripe ones may be a little sour, 
Samples No, 2 and No. 2a were prepared from 50 ripe fruits. The fruits wer 
2 pulp with seeds was 


was used; for sample No. 2a the seeds were removed by use of a sieve and the pulp 


washed and the pulp removed by hand pressure. For sample No. 


only was used 
The 24 fruits used for samples No. 45 and No. 47 were full; of ty, 


good quali 


ripe, 


\ 
and completely yellow. Subsamples were prepared as described above with pulp and 


seeds used for sample No. 45 and pulp from which the seeds had been removed for 


sample No. 17. 


Thirty good-quality, medium-size, mature fruits made up sample No. 75; the skins 


No. 


were partly yellow and partly green. They were subsampled as fruits of 

Spondias purpurea L. (Cirucla hobo), This tree grows in the Provin if Giuayas 
and in other coastal areas and to a limited extent in the Chota Valley and is common 
from 2.5 to 5 em. in length, with a 


in hedges and fence rows. The fruits are round, 
thin tough skin varying in color from yellow to deep red. The flesh is yellow and very 
juicy and surrounds a hard rough seed about 1 em. in diameter. 

out of hand 

Kor sample No. 64 five pounds were purchased in Quito These fruits were of good 
quality, fully ripe, and orange yellow in color. They were washed, dried, and the pulp 
expressed by hand 

Sample No, 90 consisted of 100 fully ripe fruits with yellow. skins They were 
washed and dried and the juice then hand-expressed. 

Vaccinium floribundum, HBK (Mortinos). This fruit resembles the blueberry of 
the United States. It is indigenous throughout the sierra where it grows abundantly 
at elevations from 3000 to 3700 m. The fruit is dark blue to almost black with a 
whitish overeast and, except for short periods at different times of the year, is found 
in the markets throughout the year. It is used extensively as a fruit to be eaten out 
of hand, in gruels made with erude sugar, in marmalades, and in refrescos. It is a 
special ingredient in mazamorra morada, the dish prepared with meal of dark corn, 
molasses, Water, spices, mortinos and other chopped fruits (pineapple, chamburo, babaco, 
naranjilla with skin) and served on el dia de Finadas, the day (November 2) when 
flowers and other offerings are taken to the cemeteries. This dish is probably more 
common in the sierra region than at lower altitudes. 

Samples No. 14 and No. 34 were purchased in Quito. The berries of sample No. 14 
were fully ripe, small, and very dark blue in color. Berries of sample No. 34 were very 
small but sweet. The berries were washed and dried and then whole berries used in 
the subsamples. 

RESULTS AND DISCUSSION 

The results from the analyses of the 131 samples are shown in Table 1. 
The grouping is according to scientific names as in the previous section. 
With this arrangement it is easy to find data and compare values when 
there is more than one sample of a food. All values relate to 100 @. of raw 
edible material. 

Since it is not possible, in this report, to compare the results shown 
with all data reported for similar foods from other regions, comparisons 
are confined to results obtained on samples from Central America by 
Munsell et al. (6,7, 8, 9, 10, 11, 12, 13). 

Earth vegetables: Allium Cepa L. (Cebolla). The 2 samples were similar in com 
position and the vitamin ( values indicate fresh material. 

Arracacha ranthorrhiza Baner. (Zanahoria blanca). This root has a good value for 
thiamine and, compared to most roots, is high in niaein. 

Beta vulgaris var. crassa Alef. (Remolacha). The values for the one sample of 
beets are very similar to the average values for the 10 samples from Central America 

Daueus Carota L. (Zanahoria amarilla). The 5 samples of carrots were remarkably 
similar in composition. This is of interest when considering the differences in size of 
roots in samples No. 57 through No. 60. Except for carotene the values parallel those 
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for carrots of Central America. 
representative 
Dioscorca alata I Papa china root 
‘ontra Amer n sample : other 
ed degree It is of interest th: t ( 
, Centra American 


Tpomoca Batatas 


for 


ne and ascorbic 


fresh green tops of 


irentiv contain signi ! i it pte ,» 


Herbage vegetables i : The 


imine, ribo 
flavin, an ascorbie acid, and should not 

Brassica oleracea var. acephala D ol verde sults obtained from the 
one sample of this non-heading variety abb; it might be a very 


mportunt food Values shown are i ) aleiu ine , thiamin fl 


: e, riboflavin, 
and niacin, and the aseorbie acid valu These values are very similar to 
ues shown for the sample of ‘* Kal from Central America 


Brassica oleracea var. botrytis I ( The one sample of cauliflower 


iT con 


tained appreciable amounts of thiamine and g igh ue fe orbie acid 
lyracea var. capitata I Col Results fe 1 its ; Idle, and inner 


heads of green cabbage, samples No. 66, No 7 ) } ind No, 6, 


Y8, show no consistent gradation of values aceording to position of the 
hi 


leaves ‘ t possibly in a slightly 


y f ¢) 


gher content of thiamine n the inner leaves 
Col chaucha. The leaves of the one sample of this type of cabbage gave values for 


thiamine, riboflavin, and aseorbie acid that are higher ues obtained for co 


Col eor ; y also contained more thiamine man samples of col, and 
much more lavin, and gave a high value for aseorbic morada lhis 
Variety also gave r values for thiamine, riboflavin, and hie acid than col 
Col de seda : the outside, middle, and inner leaves o heads of this 
type of cabbage, samples No. 69, No. 70, No. 71, and No, 95, » Y4, No. 93, also 
showed no gradation with position of leaves, with the exeeption thiamine values 
which indicate a higher concentration toward the center of the head There is some 
indication also of a slightly higher eoncentration of riboflavin toward the eenter. In 
the samples of col this evidence of gradation of ribotlavin was probably offset by the 
effect of the variation in greenness of ives 

Brassic oferacea Var qemmife a} 4 rusel 
Brassica, like the samples of other s A 1 good amount 
content of riboflavin was appreciable and the ] or aseorbi« eid 

Brassica Rapa / Hojas de nabo 7 samples of turnip 


jum, carotene, riboflavin, and orbie aeid, and eont 


oriandrum ativum ] Culantro With high mum ron. earo 


tene, thiamine, riboflavin, niacin, and aseorbie acid this plant might be very important 
in the diet. At present it is used only to a limited extent for flavor but it might well 
be used as a cooked gree Some of the values shown are higher and some lower than 


values for corresponding nutri in the one sample examined from Central Ameriea 
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Lactuca satwa var. intybacea (Jacq.) Hort. (Lechuga). Lettuce is much prized 


as an ingredient of salads but it should probably be admitted that, judging from 
far reported, its nutritive values are Jow. Values shown here are similar to 


values so 
10 samples from 


those reported by many other investigators including results for the 
Central America. 
Nasturtium officinale R. 
carotene, thiamine, riboflavin, and aseorbie acid, and 
All of these values are appreciably higher than the average 


Br. (Berro). The one sample of watercress gave high 
values for calcium, contained 
good amounts of niacin. 
values for corresponding nutrients from the four Central American samples. 

Petroselinum erispum (Mill.) Mansfeld (Pe rejil). Parsley leaves, like leaves of 
culantro of the same family, gave high values for caleium, iron, 
riboflavin and aseorbie acid were 
that might be used 


carotene, thiamine, 


riboflavin, niacin, and aseorbie acid. The values for 
much higher than those for culantro. Varsley is another green 
more extensively than it is at present. 

Raphanus sativus L. (Hojas de Rébano). However fresh the leaves may be when 
a bunch of radishes is purchased they are very seldom used either cooked or raw. Both 
conventional ‘* bunch and the other of 


samples, one consisting of leaves from the oi 
leaves from wild plants gave high values for calcium, 
From the data shown it should be apparent that this is a food 


iron, carotene, thiamine, ribo 


flavin, and ascorbie acid. 
to be used, not discarded. 

Tetragonia expansa Thunb. (Espinaca), Leaves from the New Zealand lTeeplant 
are the leaves most commonly served as a green vegetable in Eeuador. The sample 
contained appreciable amounts of carotene and riboflavin but did not give a high value 
for any nutrient. The values shown are surprisingly similar to the average values 
from the 9 samples from Central America. 

Fruit vegetables: Cucurbita ficifolia Bouché (Zambo). 
sively. On the basis of the values given this might well be deplored from the nutritive 
The only value of any consequence is the ascorbic acid value for sample 


This fruit is used exten 


standpoint. 
No. 21. 

Cucurbita Pepo L. (Castellano y Zapallo). The four samples of squash differed 
considerably in appearance but with the exception of carotene values for samples No. 
147 and No. 148, they were very similar in composition. Their nutritive value also 
paralleled closely that of the 24 samples of Central America. 

Lycopersicum esculentum Mill, (Tomate exrtranjero). The 2 samples of this type 
of tomato contained no more than a fair content of any constituent. With the excep 
tion of content of ether extract and crude fiber, they were similar in composition to the 
13 samples of Central America. Tomate del pais. Although tomatoes of this type are 
not very attractive in appearance and are used primarily in cooking, nutritionally they 
are more valuable than tomate exrtranjero since they have an appreciably higher content 
of nitrogen, carotene, riboflavin, niacin, and ascorbie acid. 

Sechium edule (Jacq.) Sw. (Achogcha). The sample of this fruit contained a 
significant amount of niacin but otherwise was of fairly low nutritional value. 

Legumes. Phaseolus vulgaris L. (Vainita). The only value obtained from the sam 
ple of string beans that might be considered significant is that for riboflavin. The 
overall values are very similar to the average values for the 12 samples from Central 
America. 

Pisum sativum 
of fresh peas analyzed may be considered high. 
leled very closely the average composition of 

Vicia Faba L. (Haba). The values for thiamine, riboflavin, and niacin in the 
The composition as a whole is very 


L. (Arveja). The content of thiamine and niacin in the one sample 
The composition of this sample paral- 
the 6 samples from Central America. 


sample of broad bean may be considered high. 
similar to the average for the 4 samples from Central America. 

Fruits: Ananas comosus (L.) Merrill (Pita). Two of the samples of 
The moisture content in each was 


pineapple, 
No. 10 and No. 56, were very similar in composition. 
somewhat higher than the average for the Central American samples and of the other 
values some were lower and some higher but in no case was the difference very large. 
The third sample, No. 76, differed markedly in appearance from the other two. The 
ascorbie acid content of this sample was slightly higher than that of the other two 
and the content of some other nutrients slightly lower. 

Annona Cherimola Mill. (Chirimoya). This fruit contains significant amounts 


of 


thiamine, riboflavin, and niacin. 
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Annona muricata L. (Guanabana The sample of soursop gave a higher value for 
ascorbic acid but otherwise was very similar in composition to the Central American 
samples. Apart from ascorbic aci he nutritive content is not important. 

Carica candamarcensis Hook } qualea The samples of this fruit gave lower 
values for ascorbie acid but high: als for niacin than the two samples of Papaya 
The somewhat higher content of nitre aleium, and thiamine in sample No. 17 is 
no doubt due to the seeds included 

Carica Papaya L. (Papaya The papaya contains a good amount of ascorbie acid 
but does not contain other nutrients in important amounts. The two samples contained 
more aseorbie acid and slightly less calcium than the sample of papaya verde from 
Central America. 

Carica pentagona Heilh. ( Babace The sample of this fruit gave values not very 
different from those for Chiqgualedn and Papaya. The niacin value was between that 
of the other 2 fruits and the ascorbic acid value approached the lowest value 

Citrus aurantifolia (Christmann Swinagle Limon sutil). Like other citrus fruits 
this lime is, except for content of ascorbie acid, low in nutritive value 

Citrus limetto Risso (Lima dulce The sweet lime, like the dimén suttl, contains 
a good amount of ascorbic acid but otherwise is low in nutritive value 

Citrus Limén (L.) Burm. f. (Limén real). This, the so-called lemon, does not even 
contain good amounts of ascorbie acid 

Citrus marima (Burm Merrill ( Toronja The values from the one sample of 


grapefruit were similar to the average values for the 5 samples from Central America 


and, as with those samples, only the content of ascorbie acid was significantly high 

Citrus reticulata Blanco (Mandarina). The 2 samples of tangerines gave appre 
ciably higher values for ascorbie acid than the average for the S&S samples from Central 
America but in other respects they were similar in composition to those samples, 

Citrus sinensis (L.) Osbeck (Naranja). The aseorbie acid content of all 3 samples 
of oranges was higher than what is generally considered representative for oranges 
Other values were similar to those for the other citrus fruits. 

Crataegus pubescens (HBK) Steud. (Manzana silvestre). The sample of this 
apple-like fruit, like the 2 from Central America, gave a high value for ascorbie acid 
and contained an appreciable amount of calcium. The carotene value was higher than 
the average for the Central American samples. 

Cydonia oblonga Mill. (Membrillo). The values obtained from the one sample 
examined furnished additional evidence that the quince is not nutritionally important 

Cyuphomandra betacea (Cav.) Sendt. (Tomate dulce). This fruit contains small but 
appreciable amounts of vitamin C and appreciable amounts of niacin, no doubt from 
the seeds included. The values shown are very similar to those for the one sample from 
Central America. 

Eriobotrya japonica (Thunb,) Lindl. (Nispero). The values shown indicate that 
this fruit is not nutritionally important 

Fieus Carica L. (Hiao). The fig is another fruit that cannot be considered im 
portant nutritionally. The values obtained for thiamine and riboflavin in the one 
sample examined were even lower than values shown for the three Central American 
samples 

Fraqaria chiloensis (L.) Duchesne (Frutilla The 2 samples of this strawberry 
gave relatively high values for ascorbic acid similar to those shown for the three 
Central American samples and by other investigators for other varieties of the fruit 
In respect to other nutrients the fruit is not nutritionally important 

Malus sylvestris Mill. (Manzana). The 3 samples of apples examined differed 
markedly in appearance but, exeept for content of ascorbic acid, they were very 
similar in composition and similar also to the three Central American samples 

Vengifera indica L. (Mango). The one sample of mango analyzed was not as 
high in content of ascorbic acid as might have been anticipated on the basis of data 
reported by other investigators. Except for content of carotene it gave low values for 
all other nutrients similar to those for the thirteen samples of Central America. The 
carotene values may be considered significantly high 

Matisia cordata Humb. and Bonpl. (Zapote). This is another fruit that, except 


for carotene content, is low in overall nutritive value. 








j40 MUNSELL, R. CASTILLO, €. ZURITA, AND J. M. PORTILLA 


Vusa paradisiaca var. sapientum L. (Platano). The sample of banana gave an 


unexpectedly high value for ascorbie acid but showed the expected low content of other 
nutrients similar to the numerous varieties examined from Central America, 
Opuntia Bonplandii Pfeiff. (Tuna). The one sample of tuna contained a fair 
amount of ascorbic acid but otherwise was low in nutritive value 
Passiflora ligularis Juss. (Granadilla), The sample of sweet granadilla, 
gave a significantly high 


like other 


fruits in which seeds are ineluded in the edible portion, 
value for niacin similar to that for the five Central American samples. The 
fair, but the content of other nutrients was not 


values for 
riboflavin and aseorbie acid were 
important 
Physalis peruviana L, (Uvilla). This sample of husk tomato gave significant 
values for thiamine and niacin, undoubtedly due to the seeds included in the edible 
portion. The values for earotene and aseorbie acid are also significantly high. In 
overall nutritive value this fruit resembles fruits of Physalis aequata and Physalis 
pubescens, samples of which were examined in the Central American study. 
(Capuli), The sample of this wild cherry showed a signifieant 


Prunus Capuli Cav. 
from Central 


content of niacin and asecorbie acid but otherwise, like the sample 
America, was low in nutritive value, 
Prunus cerasifera myrobalana (L.) C. Schneid (Mirabel This plum contained 
only insignificant amounts of the constituents measured 
Prunus persica (L.) Sieb. and Zuce. (Durazno y Guaytambo). The three samples 


of peaches differed in composition in no important respect. The greatest differences 


No. 109, 


whole was 


were in ascorbic acid content, with the sample of the clingstone variety, 
having the highest value. Exeept for aseorbie acid content, which on the 


higher, these ° samples were similar in composition to the five samples from Central 


America 
Prunus (salicina Lindl.) (Claudia). These two samples of plums differed little in 
composition from the sample of Prunus cerasifera myrobalana or from the five samples 
of Prunus domestica from Central America. The overall nutritive value is low 
Psidium Guajava L. (Guayaba). The 2 samples of guava gave high values for 
ascorbie acid, as was to be expeeted, and contained appreciable amounts of niacin. The 
composition was very similar to the average for the 4 samples from Central Ameriea. 
Pyrus communis L, (Pera). These 5 samples of pears differed greatly in size, shape, 
and appearance of skin but the nutritive content differed very little. The composition 
was also very similar to the average for the five samples from Central America. 
Rubus glaucus Benth. and Rubus urticacfolius Poir (Mora). The only values of 
any significance for the blackberries were those for caleium, niacin, and ascorbie aeid 
and even these were low. The two varities showed no differences that can be considered 
specific and they differed little from the Central American varities 
Ait. (Pepino dulce), Like the 5 samples from Central America 
but other 


Solanum muricatum 
this sample of melon pear gave a moderately high value for aseorbie acid 
wise was very low in nutritive content. 

Solanum quitoense Lam. (Naranjilla). The 3 samples of fruit pulp, and the two 
of juice, from this fruit contained good amounts of niacin and aseorbie acid and fair 
amounts of thiamine. The content of these nutrients would seem to justify the ex 
tensive use made of the fruit. 

Spondias purpurea L. (Ciruela hobo). This so-called Spanish plum apparently 
varies from sample to sample in vitamin content as evidenced by the values for thiamine, 
niacin, and aseorbie acid. This variation was also found among the Central American 
samples. 

Vaccinium floribundum HBK (Mortino). In spite of the year around availability 


of this fruit and its rather extensive use, it is very low in nutritive value. 


In the foregoing discussions of the nutritive value of the foods studied 
no reference has been made to iron content although some foods gave 
relatively high values. Before food samples were subsampled they were 


washed as thoroughly as seemed reasonable according to the type of the 
material but even with the eare taken there could be no guarantee that all 
dirt was removed. This was especially true of leafy products and material 
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with deep creases such as the moras. Rather than run the risk of injuring 
samples by too thorough scrubbing it seemed better to give them a elean 


ing similar to native customs, for on this basis the iron value represents 


the expected intake as food. Until some of these foods have been carefully 


studied it will not be possible to interpret the iron data in terms of 
internal and external iron in these plants 

One often hears the statement made in Quito, usually by those who 
have come to EKeuador recently, that the vegetables and fruits, especially 
those from highland areas, are ‘‘deficient.’’ The explanation given is that 
due to the heavy rains the nutrients are leached from the soil and are not 
replaced since fertilizers are seldom used. On the basis of data discussed 
in this report and from comparisons made during the course of the ana 
lytical work of data obtained in this laboratory with those reported on 
similar foods by other investigators it seems permissible to state that, 
in respect to content of nutrients for which values are given, fruits and 
vegetables of Ecuador compare very favorably with the same foods grown 
in other regions. Unless and until there is some basis in fact there is no 
justification for assuming that foods from this area are ‘* deficient 


SUMMARY 


In this report are presented data on the content of moisture ether 
extract, crude fiber, nitrogen, ash, calcium, phosphorus, iron, carotene, 
thiamine, riboflavin, niacin, and aseorbie acid in 131 samples of foods of 
plant origin collected in Ecuador between April 24, 1951 and May 18, 
1992. Of the 131 samples all except 30 came from material purchased in 
markets in Quito. The other samples were obtained in Banos, Ambato, 
and Machachi. A total of 75 food items, including the majority of the 
more commonly used fruits and vegetables, are represented in these 131 
samples. 

The data are discussed on the basis of values that make a food impor 
tant nutritionally. Comparisons are made with values for similar foods 
from Central America. 

Attention is called to the fact that the data presented indicate that in 
content of the nutrients determined the foods of Ecuador compare very 
favorably with similar foods grown elsewhere. 
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Several investigators hate shown that the length of storage of eggs 
affects the ability of the egg white to produce a stable foam. Angel food 
cakes have been used as a means of measuring the critical factor, albumen 
quality. Burke and Niles (5) observed that the volumes of angel food 
cakes prepared with fresh eggs varied throughout the vear. When the 
volumes of the cakes were plotted against the season, they found a maxi 
mum volume in February, a leveling off during March, and then a steady 
decline through August. In order to be strictly fresh for the best baking 
qualities, eggs should not be stored at room temperature |approximately 
70° R.(21°C.) | for more than 4 days, according to Barmore (1). Deleteri 


ous changes appeared in the older eggs which caused the cakes to have 


volumes than those made with the fresh eggs. Refrigeration, how 


smaller 
ever, seemed to be satisfactory in maintaining egg quality up to 2 weeks 
Lee (13) found that it is the rise in pH or the concomitant carbon dioxide 


loss that causes the egg white to become watery. 

MacDonnell, Lineweaver, and Feeney (15) showed that small amounts 
(less than 50 p.p.m.) of reducing agents, such as thioglyeol, hydrogen sul 
fide, and sulphur dioxide not only caused egg white to thin but also caused 


the volk to simulate a deteriorated appearance. They postulated that the 


mechanism of the nonmicrobial deterioration of shell eggs involves redue 


tion of the S-S bonds in mucin. 
In studving methods for measuring the increased volume and _ stability 


of beaten egg white, Henry and Barbour (1/0) found a greater volume was 


obtained with a pH above 8.0 but an increased stability of the egg white 
structure was obtained below this pH. Kahlenberg (71) held eggs at a 
temperature of 86°R.(30°C.) for from 4 hours to 6 days. When tested in 
cakes, the eggs held for the longest storage period resulted in) increased 
shrinkage of the cakes. The method used in blending egg white samples 
was found to influence cake volume by MacDonnell et al. (14). They 
found when using homogenizing pressures of from 1500 to 4600 p.s.i. there 
was a definite and increasing deleterious effect on viscosity of the egg 


white and of the volume of angel food cakes. 
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Many other factors have been found that influence the volume, the 
flavor, the texture and grain, and the tenderness. Barmore (1) showed 
that the proportion of dry ingredients is very important in the production 
of a standard angel food cake. A tough cake can be due to the addition 
of too much flour or too little sugar. With too much sugar, the cake will 
be overly tender, thus causing collapse of the cell structure. A fallen cake 
may also result from the lack of cream of tartar, which appears to function 
in the coagulation of the protein. As shown by Grewe and Child (8), the 
omission of the acid may also cause a vellow-colored cake crumb, thick cell 
walls, and coarse texture. 

Thelan (79) in discussing the basic points of angel food cake prepara- 
tion brings out other factors which influence quality, such as temperature 
of the egg white, whipping time, type of mixer or whip, speed of beating, 
size of mixing bowl, quantity of batter, baking temperature, and method 
of addition of the ingredients. 

Objective tests have been applied to determine quality of angel food 
cakes. Most workers have used volume measurements by the method of 
seed displacement as developed for small loaves by Binnington and Geddes 
(4). Penetrometer measurements have been used by Barmore (2) and 
King, Norris, and Whiteman (72). Various other tests, such as compressi- 
bility, tensile strength, and photographic comparisons for cell size (17) 
have been used. 

Taste panel methods (7) for scoring angel food cakes have been em- 
ployed by Clinger, Young, Prudent, and Winter (6) and Miller and Vail 
(16) in their studies of frozen eggs. 

The purpose of this study is to report the effect of various storage 
conditions of shell eggs of known history on their performance in angel 
food cakes. 

EXPERIMENTAL 

The eggs used were produced by Single Comb White Leghorn hens fed a ration 
containing several pigmented ingredients which resulted in golden orange yolks. The 
hens were fed this ration for 50 days prior to starting these studies and were trap- 
nested for egg collection. At the time of gathering, each egg was marked with hen 
number and date. The eggs were taken immediately from the hen house to an egg 
room [temperature 60-65°F.(15.5-18°C.)]. Each evening the eggs were placed under 
the following storage conditions: 


Group No Room temperature storage 


1 Stored in winter season (January to March) for 0, 1, 2, 3, 4, 5, 6, 7 
weeks at 72° + 2°F.(21.7 +1°C.) and relative humidity 55-65% 

2 Stored in summer season (May to July) for 0, 1, 2, 3, 4, 5 weeks, with 
storage conditions the same as for Group 1. 

3 Duplicate of Group 2, except that temperature and relative humidity 
was uncon'rolled; these ranged from 70-88°F.(21.1-31.1°C.) and 26 to 


48%, respectively. 


Group No Cold Storage 
4 Placed directly in cold storage at 33°F .(6°C. ). 
5 Duplicate of Group 4, except that eggs were oil treated prior to storage. 
6 Stored 7 days at 55°F.(12.8°C.), then oil treated and placed in 32°F. 


(0°C.) storage. 
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At the end of 2 and 4 months, samples were removed for testing. At the end 
of 6 months 2 samples were removed, one set was tested immediately and the 
other was stored at room temperature for 2 weeks and was then tested. 

The storage conditions were of 3 types common to commercial practices. 
The 2-week period at room temperature was selected as a probable time between 
the removal from storage and the time the eggs are used by the consumer. 

During all storage periods, the eggs were kept in wooden cases of 30-dozen capacity. 
When ready to be used, the eggs were removed from storage and were kept in the 
laboratory overnight to equilibrate them to room temperature; they were then candled 
into quality grades with no tolerances. The fresh (one-day old) eggs, used as a refer 
ence, were candled at the same time and matched with stored eggs from the identical 
hens insofar as possible. 

A sample of 8 eggs was used for each trial. Eggs were weighed, broken out on a flat 
glass plate, and albumen height measured. Albumens were then saved and homogenized 
in a laboratory hand-operated homogenizer with adjustable orifice (maximum pressure 
600 p.s.i.) with the orifice adjusted to open position (minimum pressure and shear) 
for incorporation in angel food cake formula. The formula and procedure for the 
angel food cakes was that given by Slosberg, Hanson, Stewart, and Lowe (18). The 
formula consisted of 122 g. of egg white, 125 g. sugar, 45 g. cake flour, 1.8 g. cream of 
tartar, and 0.6 g. salt. 

The weighed egg white sample was placed in the bowl of a Kitchen Aid mixer 
(K-4-B) and beaten for 10 sec. at speed 10 (r.p.m. 592). Cream of tartar and salt 
were then added. The whipping of the white was continued until the foam reached a 
specific gravity of approximately 0.1. The time required was from 1 to 2 min. Four 
fifths of the sugar (100 g.) was added gradually for 15 see. while the whipping was 
continued on speed 8 (r.p.m. 513). The bow! was scraped with a rubber spatula and 
the whipping continued on same speed for 15 sec. more. The specific gravity of the 
meringue was measured. Finally, for a period of 15 sec., the flour-sugar blend was 
added gradually with the beater speed set at 1 (r.p.m. 137). The bowl was again 
scraped and the mixing continued until the dry ingredients were well blended, a total 
time of 25 to 30 see. 

One hundred twenty grams of batter were weighed into each of 2 ungreased tinned 
baking pans (4” x 6” top inside x 2.75” deep) with waxed paper in the bottom of the 
pan. Cakes were then baked at 350°F.(176.7°C.) for 27 min. After baking, the cakes 
were inverted and cooled for at least 3 hours. The volume was then measured by seed 
displacement and the cakes were removed from the pans. One cake of each series was 
wrapped in waxed paper and then in aluminum foil and frozen for later seoring (9); 
the first and second cakes alternately were used for the objective and subjective tests. 

The cbjective measurement employed was the amount of penetration through a 
one-inch cube of cake using a Precision Penetrometer with a rod attachment under a 
100-g. load. At least 2 samples were taken from the center portion of each cake, the 
top, sides, and bottom crust having been removed. 

The cakes were given to a panel of 7 persons and evaluated by the modified 
paired comparison test, using a known standard cake with each group of samples 
tested (7). The characteristics of color, flavor, texture and grain, tenderness, and 
general acceptability were rated on 5-point numerical seales. A rating of 4 points 
was given each characteristic for a known-standard fresh eake to allow for any im 
provement which might occur during egg storage. 


RESULTS AND DISCUSSION 


The candled quality and albumen index measurements of eggs stored 


at room temperature for 2 seasons and measurements on angel food cake 


made from these eggs are summarized in Table 1. Similarly, the results 
of refrigeration storage of eggs on these measurements are presented in 
Table 2. Statistical analysis of the data on candled quality, albumen index 
values, and angel food cake measurements is presented in Table 3. The 
over-all picture indicates a definite decrease in the performance of egg 
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white when the eggs have undergone various storage treatments. There is 
a progressive decrease in candled quality and albumen index as the length 
of storage increases. The close relationship in quality drop is indicated 
by the negative correlation of 0.768. Albumen index values were correlated 
with measurements on the angel food cakes. Correlation coefticients of 0.895 
between albumen index and volume, and 0.813 between albumen index and 
penetrometer readings were obtained. Correlation values between albumen 


index and taste panel factors scored a range from + 0.667 for color to + 


TABLE 1 


Effect of controlled and uncontrolled room temperature storage during two seasons 
on candled quality and albumen index of eggs and quality of angel food cake 


Quality measurements on angel food cake 


Albumen Taste panel scores 
inde Pene 
of egg Volume, trometer Texture | ,, General 
white m! readings, (olore  Flavore and Tender 
mm grain? bad 
gra 


Candied 
quality 
of eggs? 


Storage 

period 

ness 
Group Season [ (January to March), 72° + 2°F 

1 day / 102 : 17.0 3.9 3.9 

| week y oo 6 14.8 3.9 3.3 

15.0 4 

” 

” 

5) 


2 weeks j 46 0 
3 weeks 29 7 11.7 
t weeks 27 568 10. 


5 weeks 24 


560 5.6 


3.4 

7 
6 weeks ; !H dT 5 
7 weeks 22 540 


Season 


] day i ‘ TOO 
] week 620 
2 weeks 08 


3 weeks 27 580 
4 weeks 2s S60 
5 weeks 22 08 


Group 3. Season (May to. 


l day A ‘ 700 
3 600 
o70 14.5 


7 540 8.7 


1 week I 


’ weeks y 
’ weeks I 

t weeks c ra | 00 8.$ 

o weeks Cc 20 510 9.9 

4Numerical values were given candled quality grades for statistical analysis: Grade AA 
Grade A—2; Grade B s; Grade ¢ 4 


Total of five points possible 
0.815 for tenderness. All of these correlation coefficients were significant at 
the 1% level. 

Highly significant correlations were also obtained between the volume 
of angel food cake and penetrometer readings and volume of angel food 
cake and factors scored by the taste panel, and between all factors of the 
taste panel score and penetrometer readings. 

There is a definite effect of the season in which eggs are produced on 
volume of angel food cakes (F value 12.02, significant at 1% level). Cakes 
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prepared with eggs produced during January and February were superior 


to similar cakes made with eggs produced during May and June. Burke 
and Niles (5) found that the season January to March was superior to the 
May to July period. The decrease in cake quality paralleled the decline 
in albumen index values of eggs. It was reported by Berg and Bearse (3) 
that age of hens influences broken out appearance of eggs, with older 
hens producing eggs of lower quality. The seasonal effect found in this 


study is undoubtedly partially due to increased age of hens 


TABLE 2 
Effect of cold storage treatments on the physical and culinary measurements on 
candled quality and albumen index of eggs and quality of angel food cake 


Quality measurements o 


1 day 

2 months 
months 

i} months 


» 


} months 32 
plus 2 wks 
70-88" F. 


Oil treated 
17.0 
19.3 


190.6 


day 
2 months 
months 


} months 10.1 


i} months 32 
plus 2 wks. 


TO-S8°F. Z a 4.1 


day 
months 
months 
i} months 
} months 32° 
plus 2 wks. 
TO-SS8 F, Cc 
‘Numerical value 
Grade A- 2; Grade B 
“Total of five points 


The volumes of the cakes decreased when the eggs were stored at room 
temperature. There was a fairly rapid decrease for the first 2 weeks, and 
the values tend to level off after the third week. The appearance of the 
cakes which had a volume greater than 650 ml. was considered satisfactory 
to excellent. The quality improved as the volume increased as evidenced 
by the even texture and grain, light crumb color, and tenderness of the 


product. With volumes of 600 to 650 ml., the cakes were on the border 
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and the texture, tended to be compact and the cakes were 
With volumes below 600 ml. the cakes were 
and gray to yellow in 


line of quality, 
more moist than was desirable. 
gummy, tough, very coarse in texture and grain, 
color. Shrinkage was most evident during the last stages of baking and 
after removal from the oven. Often cakes with very low volumes (around 
500 ml.) wouid fall out of the pan when inverted during the cooling period. 
Some variation of volume in the range below 600 ml. was possibly due to 


TABLE 3 
Statistical treatment of the data 
r values ® 


—.768 


- O89 


Correlation coefticients ! 


and candled quality......... 

and albumen score............ 

and albumen pH acon 

and volume of angel food eahees.. ieee 

and penetrometer readings for angel Seeds cake 


Albumen index 
Albumen index 
Albumen index 
Albumen index 
Albumen index 


- 835 
895 


813 


and acceptability ratings for angel food cake 
and angel food cake 

and angel food cake flavor 

index and angel food cake texture and grain 

index and angel food cake tenderness 

index and angel food cake general acce ptability. 


index 
index 
index 


Albumen 
Albumen 
Albumen 
Albumen 
Albumen 
Albumen 





Volume of angel food cake 
Volume of angel food cake 
Volume of angel food cake 
Volume of angel food cake 
Volume of angel food cake 
Volume of angel food cake 
Volume of angel food cake 


and 
and 
and 
anc 
and 
and 


Penetrometer readings 
Penetrometer readings 
Penetrometer readings 
Penetrometer readings 
Penetrometer readings 

Penetrometer readings 


Source of variance 
Seasons 
Within seasons 


»Values are significant at the 
1 


N 58 


uneven shrinkage from the sides of the 


tended to adhere to the 


and penetrometer readings 
and acceptability ratings 
and color 

and flavor 

and texture and grain 

and tenderness.. ‘ : 
and general aece wis ability. 


acceptability ratings..... 
color.... 

flavor 

texture and grain 
tenderness 

general accept: ability 


Analyses of variance 
df 
1 


~/ 


1% level 


pan, because 


sides more than others. 


These 


Mean squares 
3724! 


321 


some of the cakes 


observations on 


shrinkage agree with those reported by Kahlenberg (11). 


The 
over 700 ml. (723 ml. 


average volume of angel food 
for winter eggs and 700 ml. 


for summer 


cakes made from day-old eggs was 


eggs). These 


values are somewhat higher than those reported by MacDonnell et al. (14) 


who used top quality eggs as their controls. 
with week-old eggs were comparable to the control values of MaeDonnell 


et al. (14). The 


values obtained for 


The cake volumes obtained 


cake volume indicate that the low 
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pressure homogenization under methods used did not seriously damage the 


properties of the egg white. 

When the data of the penetrometer measurements were correlated with 
albumen index and volume of angel food cakes, the r values obtained were 
0.813 and 0.794—highly significant. There seem to be some discrepancies in 
the data which at the present time cannot be explained. In room temper- 
ature storage at different seasons, there is a progressive decrease as the 
storage periods increase. When a penetration value of 10 to 11 mm. is 
reached, the adequacy of the equipment seems to have been decreased, since 
values recorded on subsequent samples show little correlation. Again in 
Group 5 [oil treated, 32°F.(0°C.) | there is an increase in penetration val- 
ues as the storage periods increase. This may possibly be due to the high 
concentration of carbon dioxide in oil treated shell eggs. 

With the room temperature storage treatments, there was a progressive 
decrease in taste panel score as the storage periods increased. However, 
the cold storage treatments more adequately maintained the quality of 
the eggs for angel food cakes. The cakes made from the untreated eggs 
improved with age of eggs up to 6 months and the oil treated remained 
practically constant for the first 4 months. Group 6 treatment [7 days at 
55°F .(12.8°C.) then oiled] had a deleterious effect on the quality of the 
cake. The last 2 weeks of storage at room temperature caused a marked 
decrease in quality in the untreated eggs and only a slight decrease with 
those oil treated. Most of the off-odors which developed in the eggs during 
storage, noticeable during the preparation, were not detectable in’ the 
baked cakes. 

SUMMARY 

It was found that the higher the candled quality and broken out qual- 
ity of eggs, the more satisfactory was the resultant eake. Correlation coeffi 
cients were calculated and show close relationships between albumen index 
and angel food cake quality measurements. Volume and penetrometer 
measurements and taste panel scores for tenderness of angel food cake 
were closely correlated with change in interior egg quality as measured 
by albumen index. Cold storage temperature and controlled humidity 
storage maintained egg quality at a sufficiently high level to produce 
satisfactory angel food cakes for periods up to 6 months under the condi 
tions of this study—the maximum length of storage used. 
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Small amounts of dehydrated meat were produced experimentally in 
the United States during the first World War and subsequently for several 
Arctic expeditions. Because of the need to conserve shipping space during 
the second World War attention was again directed to the dehydration 
of meat in 1942. Several commercial methods were developed and large 
quantities of dehydrated pork were produced in this country for Lend- 
Lease purposes, and in the United Kingdom and South America for use 
in England (1, 5, 6,7). 

Extensive studies were carried out on methods of packaging (10) and 
on the vitamin content of the commercially produced dehydrated meat (9). 
Although it filled a real need during the emergency, the quality of this 
product left much to be desired. It was felt that a histological and histo- 
chemical study of the changes which occur during the dehydration and 
rehydration of slices of meat would be of help in devising methods of 
producing dehydrated ground meat of better quality. Also, such a study 
might furnish basic information that would make it possible to produce 
satisfactory dehydrated steaks, chops, ete. 

This paper presents the results of preliminary experiments to deter- 
mine some of the structural and chemical changes occurring when slices 
of raw and pre-cooked muscle tissue were dehydrated at elevated temper- 
atures. Other papers in the series will present the influence of such factors 
as careass grade, type of muscle, and pretreatments of various types on 
the changes taking place during dehydration of beef 


MATERIALS AND METHODS 


In the first of the 4 experiments in this series, raw and pre-cooked strips of Biceps 
femoris from a U. S. commercial grade cow, approximately 2 days after slaughter, 
were used; in the second experiment, samples of the same muscle were taken from a 
U. S. utility grade carcass. For experiments 3 and 4, strips of meat were removed 
from the Biceps femoris of light-weight U. S. commercial grade carcasses. All raw 
samples in these experiments were approximately 2% inches x 1 inch x % inch in size. 


*Journal Paper No, 68, American Meat Institute Foundation. This paper reports 
research sponsored by the Quartermaster Food and Container Institute for the Armed 
Forces, and has been assigned number 412 in the series of papers approved for publi 
cation. The views or conclusions contained in this report are those of the authors. 
They are not to be construed as reflecting the views or endorsement of the Department 


of Defense. 
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Samples with muscle fibers oriented longitudinally and transversely were provided for 
both the raw and pre cooked meat. 

Samples (2-inch cubes) were pre-cooked in a steam (flowing) bath for about 45 
minutes. The meat was then sliced into thin strips 4% ineh thick. 

Dehydration was done in a forced draft air oven at 70°C. or in a vacuum oven at 
65°C. with more than 25 inches Hg vacuum at 65°C. for periods ranging from 1% to 
24 hours. Samples were removed from the dehydrating chamber at predetermined 
periods for weight determinations, histological processing, or rehydration. 

Rehydration of the dehydrated meat was dene by placing the dehydrated samples 
in an excess of water in a covered dish at 70°C. for 15 minutes. The strips were 
blotted with filter paper before they were weighed to determine the degree of water 
absorption. 

Per cent moisture of the raw meat was caleulated on a 5-g. ground sample com 
pletely dehydrated at 65°C, in a vacuum oven. This served as a basis for all subsequent 
calculations in regard to moisture content of the dehydrated and rehydrated samples. 

Due to the physical nature (hardening) of dehydrated muscle tissue, a technique 
for cutting dehydrated meat in paraffin blocks was devised. The procedure was to coat 
the surface of the tissue block with a thin layer of melted paraffin by a quick swab 
with a paraffin-soaked brush. After a few seconds, the block was ready to be cut. 
The procedure was repeated for each section. The sections so obtained were attached 
to slides individually (2 or 3 to a slide) and flattened out on an electrie slide warmer. 
Two or three such slides were usually made for each sample to be used for histological 
and histochemical determinations. 

The standard ecelloidin embedding technique was used also for most of the material 
processed by the modified paraffin embedding technique just described. No fixative 
except alcohol was used on any of the dehydrated samples. They were placed in abso 
lute aleohol as the first step in both of the embedding techniques, but raw, pre-cooked, 
and rehydrated samples were fixed in Zenker-formol, prior to histological treatment 
through graded aleohol and ether. Preliminary investigations showed that these tech 
niques induced little or no change in the histological characteristics of the tissue. 

« Celloidin sections of all samples were eut at 10 w and stained with hematoxylin 
and Van Giesen’s, All treated samples intended for celloidin embedding were given 
1 to 2 days longer than required for normal tissues in each reagent following absolute 
aleohol to insure proper infiltration. All samples to be paraffin-embedded passed from 
absolute aleohol through the following reagents: 50% absolute aleohol and 50% Xylol 
(2 changes), 5 hours; 1 part soft and 2 parts hard paraffin (2 changes), 3 hours; 
embedded in 1 part soft and 2 parts hard paraffin (approximate melting point of the 
mixture, 62°C), 

Muscle fiber diameter in longitudinal sections (all fibers from one side to the other 
of a complete section) was measured directly with the aid of an ocular micrometer at 
130 magnification. In transverse sections fiber diameter (50-100 fibers at random) 
was measured on the ground glass plate of a photomicrographie camera with the aid 
of a planimeter. The measurements were checked further on those samples which 
were photomicrographed later. 

Sections of raw, cooked, and dehydrated meat were tested for the localization of 
potassium according to the method of Carere-Comes (7). Similar sections were also 
tested for sulfhydryl groups by the method of Bourne (3) and for free a amino groups 
by the ninhydrin reaction (2). 


RESULTS 


The influence of two methods of dehydration and the type of slice (parallel or 
perpendicular to musele fibers) on the rate and extent of moisture removal from 
slices of beef muscle tissue may be seen from the data (Table 1). In all samples the 
rate of moisture removal was slow. Although the data are too limited to permit a 
positive statement, the results indicate that less moisture was removed from the tissue 
of the commercial grade cow than from the tissue gf younger animals under the same 
conditions of dehydration. No appreciable difference was found in meat dehydrated at 
65°C. under vacuum and that dried at 70°C. in a mechanical convection air oven. 
Slices of tissue cut perpendicular to the muscle fibers dehydrated to a greater extent 
than did slices cut parallel to the musele fibers. Considerable moisture was lost from 
the tissue during cooking and sliees from pre-cooked meat dehydrated more rapidly 
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than comparable samples of raw tissue. None of the dehydrated slices of meat rehy- 
drated to any appreciable extent under the conditions used for rehydration. Even 
treatment at higher temperatures and longer time failed to bring about increased 
water absorption of the dehydrated tissue. Since the ability to rehydrate is one of 
the requirements for a satisfactory dehydrated meat, it must be concluded that the 
dehydrated meat produced in these experiments was not an acceptable product from a 
practical standpoint. Consequently a study of the structural and chemical changes that 
occurred during the dehydration process should indicate changes that must be avoided 
if a satisfactory product is to be obtained. 


TABLE 1 


The moisture content of Biceps femoris muscle from different carcasses before 
dehydration,” after dehydration, and after rehydration 


Moisture content % 


Experi- Carcass Dehydra- 
ment and sample “an ae of tion time jel A ee } mt noe 
No. conidia ehydration Chr.) dehydration rehydration 


Long Trans Long Trans 


Commercial Air—70° 20.0 
grade cow, Vacuum—65 20.0 
raw 


Utility grade, Air 
raw 
Vacuum 


co 7 


Lightweight 5 9. D. 52.7 
commnercial Air 38.6 
grade, No. 1, 


220 
36.2 


cooked < e . 11.7 


66.7 
61.2 
grade, No. 2, 3.0 ; 55.0 
24.0 y , 18.5 


Lightweight 
commercial Air—70° 


raw 

*Per cent moisture content of the raw or cooked meat was 73.1 for Experiment 1; 72 
Experiment 11; 63.8 for Experiment [11]; and 75.3 for Experiment I\ 

©These impossible values probably are due to less complete cooking and higher moisture 

tent of cube from which sample was taken as compared to meat used for moisture determinatior 


Microscopically, dehydration of slices of muscle tissue resulted in shrinkage of 
muscle fibers and diminution of the endomysial spaces which normally separate and 
surround the muscle fibers (Table 2 and Figures 2, A and B). In both raw and cooked 
samples musele fiber diameter measurements on transverse sections were consistently 
greater than those obtained from corresponding longitudinal sections. This difference 
is probably due to the fact that in a longitudinal section some fibers are cut near the 
periphery of the fiber. If muscle fibers were true cylinders, muscle fiber diameter meas 
urements on longitudinal sections cut at random should theoretically be 79% of the 
value measured from transverse sections." In agreement with moisture data, during 


‘The average chord length of an infinite number of parallel lines intersecting a 
circle may be calculated as follows: 


For % of a cirele (1 quadrant 


rr 
y dx 
4 


- nr 
Then y av. = — 
tr 


and the average chord length Since the diameter is 2r, then the average 


PB 
chord length in terms of the diameter is——/2r X 100 
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dehydration there was usually more fiber shrinkage in transverse slices than 
responding longitudinal slices. There were no consistent differences 
diameter in the dehydrated meat due to method of dehydration (air or vacuum) or 
to the method used for embedding (celloidin or paraffin). Muscle fiber diameter shrink 
age during the early stages of dehydration was more rapid for pre-cooked samples than 
for raw samples. 


in ¢c¢or- 
in musele fiber 


Although there was little increase in muscle fiber diameter when the 
dehydrated samples were placed in water there was some tendency for muscle fibers 
in the transverse slices to enlarge slightly. 
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Figure 1. The progressive change in moisture content (—————-) and muscle fiber 


diameter (-------- ) in raw (curves A and B) and pre-cooked (curves C and D) trans- 
verse slices of Biceps femoris dehydrated at 70°C. 


As mentioned above, dehydration of muscle slices, either raw or pre-cooked, resulted 
in diminution of the endomysial spaces as well as in fiber shrinkage. Furthermore, 
this decrease in endomysial space usually was complete in completely dried tissue, and 
the individual fibers often lost their identity and became merged. Also, dehydration 
effected a gradual loss of both longitudinal and transverse striations (Figure 2, E). 
Longitudinal striations disappeared quite early in the dehydration period. Transverse 
striations remained discernible longer, and in completely dehydrated samples a few 
muscle fibers still retained very faint transverse striations. 

The nuclei of dehydrated musele tissue stained poorly, if at all, particularly in 
sections from celloidin embedded blocks. The collagenous fibers and fat cells of the 
connective tissue of dehydrated tissue stained quite normally and did not appear to 
be much affected by loss of water. 

Histochemically the only significant dehydration effect that could be established 
was the relocation of potassium. In normal raw or cooked tissue, potassium was rather 
uniformly distributed throughout the muscle fibers with some apparent concentration 


along the dark anisotropic bands (Figure 2, C). After dehydration potassium usually 


was found concentrated near the periphery of the muscle fibers (Figure 2, D). Ap 
parently potassium moved with the water to the periphery of the fibers but was not 
able to move through the membrane at the muscle fiber-connective tissue boundary. 


Occasionally there were indications that potassium migrated into the connective tissue 
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Figure 2. A. Transverse section of normal Biceps femoris, Zenker-formol fixed. 

170. 

B. Transverse section of Biceps femoris, dehydrated from pre-cooked for 20 hours 
at 70°C. < 170. Compare A and B for size (diameter) of muscle fibers, amount of 
endomysial space, and the appearance of longitudinal striations, which were present in 
normal muscle tissue but completely absent after dehydration. 

C. Frozen section of normal Biceps femoris stained with sienna orange for potas- 
sium. »* 480. Transverse striations are clearly marked by dark orange bands with no 
indication of peripheral potassium localization. 

D. Pre-cooked Biceps femoris dehydrated for 5 hours at 70 C. * 480. A case of 
extreme diminution of striations with very pronounced peripheral concentration of po- 
tassium as indicated by dark (originally orange) lines along the fiber boundaries. 

E. Longitudinal section of a completely dehydrated Biceps femoris. * 40. Note 
extreme fiber shrinkage and elimination of endomysial space with consequent muscle 
fiber packing and merging, disappearance of both longitudinal and transverse striations, 
presence of partially collapsed autolytic gaps (lower left), and the failure of the nuclei 
to stain. (The lack of uniformly sharp focus was not due to technical error, but rather 
owing to the unique nature of the denatured muscle fibers.) 

F. Longitudinal section of a rehydrated Biceps femoris sample after being dried 
for 24 hours at 70°C. * 170. Note the extensive fiber merging and the absence of trans- 
verse striations in most of the fibers. 
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where autolytic breaks were present in the muscle fibers. Pre-cooking, or time, temper- 
ature, and method of dehydration had no observable influence on the potassium distri- 
bution pattern in the dehydrated tissue. Since very few of the samples exhibited any 
appreciable water uptake when held in water, no definite conclusions could be reached 
concerning the possible redistribution of potassium during rehydration. 

Sulfhydryl group and aamino-acid determinations by the histochemical methods 
used were unsatisfactory and inconelusive. Thus it is impossible to state whether or 
not dehydration influenced these constituents of beef muscle tissue. 


DISCUSSION 

The fact that muscle fibers shrink during dehydration suggests that 
there may be a direct relationship between fiber (diameter) shrinkage and 
moisture loss during dehydration at the temperatures used in this study. 
Actually moisture loss and reduction in fiber diameter were quite parallel 
during the dehydration of raw meat, but musele fiber shrinkage was 
comparatively more rapid than moisture loss during the early stages of 
dehydration of pre-cooked Biceps femoris (Figure 1). This difference 
in behavior of raw and cooked samples perhaps may be related to two 
changes that occurred during cooking: (a) some of the moisture was lost 
from the meat during cooking; and (b) the protein of the fibers un- 
doubtedly heat-denatured to some extent, thus modifying its water-bind- 
ing capacity. In any case, the results reported here indicate that the 
shrinkage of fibers occurring during dehydration is related directly to 
the moisture loss from the tissue. Actually a correlation coefficient of .65 
between moisture loss and fiber diameter decrease was obtained for the 


series of 32 raw and pre-cooked samples reported here. This suggests that 
the moisture loss accounts for about half of the total factors influencing 
fiber shrinkage during dehydration by the methods used in this study. 

In agreement with previous work on the dehydration of minced meat 
(6), the rate of drying was rapid during the early stages of dehydration 


and became progressively slower as dehydration progressed. 

The fact that, for both raw and pre-cooked samples, transverse slices 
dried more rapidly than longitudinal slices during the early stages of 
dehydration readily is accounted for if it ean be assumed that water 
movement parallel to the fiber direction may be more rapid than diffusion 
perpendicular to the muscle fibers. Thus, during the early stages of 
dehydration of transverse slices the rate of drying would be limited by 
the speed of water movement to the surface through the endomysial spaces 
but later the slow diffusion through the fiber membrane would become 
limiting. 

The disappearance of longitudinal and cross striations during dehy 
dration would be expected if the physico-chemical structure of musele 
fibers proposed by Szent-Gyorgyl (S) is correct. Szent-Gvoérgyi believes 
that longitudinal striations as observed by histologists are artifacts result- 
ing from the transverse disintegration of the three-dimensional gel strue- 
ture within the fiber. This frequently is induced by the fixation techniques 
commonly employed in the histological processing of tissues. Sinee even 
partial dehydration undoubtedly would modify the gel strueture within 
the fiber it is not surprising that the longitudinal striations largely disap- 
peared during the early stages of dehydration. On the other hand, the 
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TABLE 2 


The muscle fiber diameter of Biceps femcris muscle from different carcasses before 
dehydration, after dehydration, and after rehydration 





Fiber diameter (a) 
. Method Dehy ype 
pie me my ‘ adit n of dehy dration of Before After After 
—— ‘ ‘ dration time see n  dehydra-| dehydra-, rehydra 
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Long. : 
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Trans 








358 Hi. WANG, F. ANDREWS, E. RASCH, D. M. DOTY, AND H. R. KRAYBILL 


cross striations, according to Szent-Gyoérgyi, represent a periodic variation 
of physico-chemical structure along the actomysin cylinder, and therefore 
would be expected to be more stable to moisture loss. This was found to 
be true since the cross striations remained more or less definite through 
most of the dehydration period and still could be distinguished in some 
fibers of completely dehydrated tissue (Figure 2, E). 

The ‘‘merging’’ of muscle fibers during dehydration is not so readily 
explained. Since the sarcolemma surrounding each muscle fiber is a thin 
but discrete membrane, it would not be likely to disappear completely 
during dehydration. Actually it is quite possible that the observed merg- 
ing of fibers does not involve direct contact between the sarcolemma of 
adjacent fibers but only a change in the structural organization of the 
fibrous net surrounding the sarcolemma. In this way the boundary mem- 
branes surrounding each muscle fiber might seem to disappear only because 
they shrink to a size too small for optical microscopic resolution. Under 
the conditions of rehydration used here there apparently was not enough 

ater absorption by the boundary membranes to bring about the reap- 
pearance of muscle fiber boundaries (Figure 2, F). 


SUMMARY 


Longitudinal and transverse strips of beef Biceps femoris, both raw and 
pre-cooked, from different carcasses were dehydrated at either 70°C. in a 
mechanical convection oven or at 65°C. in a vacuum oven for varying 
periods of time up to 24 hours. 

Loss of water from the tissne was accompanied by diminishing endo- 
mysial (and perimysial) spaces, progressive reduction in muscle fiber 
diameter, disappearance of longitudinal striations, decreasing distinctness 
of cross striations in muscle fibers, and movement of potassium to the peri- 
phery of the muscle fibers. 

For both raw and pre-cooked meat moisture loss was rapid during the 
early stages of dehydration and became progressively slower as dehydra- 
tion progressed. Pre-cooked meat exhibited a more rapid loss of moisture 
during the early stages of dehydration and dehydrated to a lower moisture 
level than did raw meat. 

Dehydrated meat held in water at 70°C. for 15 minutes did not absorb 
much water regardless of the type of strip dehydrated or the method or 
extent of dehydration. In some cases the partially rehydrated samples, as 
compared to the dehydrated meat, exhibited a slight increase in muscle 
fiber diameter, partial return of endomysial spaces and greater distinetness 
of cross striations. 
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The lipid component of orange juice has received considerable attention 
because of its possible influence on flavor changes which develop in the 
canned juice during storage. Several investigators (%, 4, 5, 7, 8, 9, 10, 11) 
have presented analytical data, both qualitative and quantitative, on this 
fraction. IHluskins, Swift, and Veldhuis (4) analyzed the lipids from canned 
pasteurized orange juice stored for 2 years under normal climatie condi- 
tions at Winter Haven, Florida (annual mean temperature about 22°C.). 
They found that the phosphorus had decreased to one-tenth of its original 
value and the nitrogen to one-fifth, choline having entirely disappeared. 
Also, the amount of lipid which could be extracted from the stored juice 
had decreased. They concluded that the phosphatides had hydrolyzed and 
that the choline and ethanolamine, as well as part of the phosphorus, had 
been lost to the aqueous phase of the juice. These investigators also noted 
changes in the fatty acid constituents, which could have been the result of 
oxidation. In this previous work, no attempt was made to establish whether 
these changes occurred rapidly or slowly. The present analyses of the lipid 
from pasteurized, stored Valencia orange juice were carried out to study 
this question. Attention was given only to the changes in the phosphorus, 
nitrogen, and fatty acid constituents. 


EXPERIMENTAL 


Extraction of lipids. Fresh Valencia orange juice was obtained from a local cannery 
in 1950. In the laboratory it was mixed, pasteurized at 88°C., canned, and quickly cooled. 

About one-third of the cans were held at 0-5°C. for 2 days until the lipid could be 
extracted. The extraction was carried out by passing the juice through an Oliver Pre 
coat filter” and then extracting the lipid from the filter-aid with acetone as described by 
Huskins, Swift, and Veldhuis (4,5). The solvent was evaporated and the lipid taken up 
in petroleum ether. This step eliminated the water which the acetone also extracts from 
the damp filter-aid. The petroleum ether solution of the lipids was then stored under 
refrigeration (0-5°C.) until the analysis could be made. 

The remaining two-thirds of the cans were stored in the laboratory loft. After 
storage periods of 6 and 12 months, portions of the stored juice were processed for lipids 
as outlined above. 

Prior to analysis, the petroleum ether solutions of the lipids were treated as follows: 
each solution, in a 3-necked flask equipped with a mechanical stirrer, condenser, and 
vacuum gauge, was warmed over a steam bath to evaporate most of the solvent at at 
mospherie pressure. Then the flask was immersed in cold water, the stirrer was started, 


“One of the laboratories of the Bureau of Agricultural and Industrial Chemistry, 
U.S. Department of Agriculture. 

"The mention of trade products does not imply that they are preferred by the De 
partment of Agriculture over similar products not mentioned. 
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and vacuum applied and maintained at 10 mm. Hg pressure while the water bath was 
slowly heated (45 minutes) to boiling, and for 15 minutes thereafter. 

Analytical methods. The total lipid was determined by the method of Swift (72) on 
the juices initially and after 12-months’ storage. Total nitrogen was determined by the 
Kjeldahl method and phosphorus by ashing the lipid with magnesium nitrate, precipi 
tating as ammonium phosphomolybdate, and then titrating with standard alkali. Amino 
nitrogen was determined on an acid hydrolysate of the lipid by the Van Slyke method 
(14, 15) and the choline on an aliquot of the same solution by the method of Thorn 
ton and Broome (13). See Table 1. 


TABLE 1 
Effect of orange juice storage on the nitrogen and phosphorus content of the juice lipid 


After Storage 


Constituent 
6 month 12 months 


0.44 
0.08 


0.18 


Total nitrogen.. 
Choline nitrogen.... 
Amino nitrogen 


Other nitrogen (by difference 0.18 


Total phosphorus... 0.63 


The fatty acids were obtained from the lipid in the usual manner by saponification, 
extraction of the unsaponifiable substances with ethyl ether, acidification of the aqueous 
residue, and extraction of the fatty acids with petroleum ether. After evaporation of 
the solvent, the fatty acids were examined spectrophotometrically using the method of 
srice, Swain, Schaeffer, and Ault (1 lodine numbers were determined by the Wijs 


(30 min.) method (Table 2). 


TABLE 2 


Effect of orange juice storage on the fatty acids of the juice lipid, 
calculated on the whole lipid basis 


After Storage 


Constituent Initial 
6 months 12 months 


Fatty acids ‘ 59.51 64.24 


Conjugated 
O87 O84 1.19 


0.017 0.012 O.004 


0.005 0.600 0.02 


Dienes, 
Trienes.. 
Tetraenes. 
Non-conjugated 
Arachidonic 
Linoleniec. 


0.000 0.000 O.000 
3.98 $.36 1.70 
a 17.35 17.50 17.52 

Oleic and palmitolei 23.50 22.60 24.48 
a ee ital 11.83 14.20 16.33 


Linoleie.. 


© Iodine value (Wijs, 30 min.) was initially 115.0. Corresponding iodine value for the fatty 


acids from juice stored 6 months was 110.1 and for those from juice stored 12 months, 10¢ 


RESULTS AND DISCUSSION 


Lipid loss on storage. The yields of lipid isolated were not measured 
Instead, analytical determinations were made on the fresh juice and on the 
juice after 12-months’ storage as noted above. The results showed that the 
lipid percentage had fallen from 0.069 to 0.059 in this period, the loss prob 
ably being from the phosphatide part of the lipid as noted below. 
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Changes in the phosphatides. Table 1 shows that the principal change, 
as far as the nitrogen and phosphorus are concerned, is a loss, particularly 
for choline nitrogen. No reason can be advanced at this time for the appar- 
ent slight increase in amino nitrogen during the second 6-months’ storage 
period, Puzzling also is the more rapid loss of phosphorus as compared to 
total nitrogen since the phosphorus is generally considered as the link that 
connects the nitrogenous constituent to the rest of the phosphatide mole- 
cule. Moreover, the ester linkage between the phosphorus and glyeerol is 
generally thought to be more resistant to hydrolysis than is the one between 
phosphorus and choline or other nitrogenous constituent. Davis and Gill 
(3) have reported a recombination between freed nitrogenous constituents 
and the remaining parts of phosphatide molecules after the loss of phos- 
phorus by hydrolysis. However, such a recombination here seems improb- 
able since the nitrogenous constituents, once set free from the phosphatide, 
would then be present in the aqueous part of the juice, and might well be 
bound in that phase by the great excess of relatively strong organie acids. 

Changes in the fatty acids. A comparison of the data in Table 1 with 
those of Table 2 shows that the fatty acids of the lipid underwent much less 
drastie changes than did the phosphorus- and nitrogen-containing parts of 
the phosphatides. These latter changes, which represent considerable loss 
of lipid, account for most of the increase in fatty acids since these are ex- 
pressed as percentages of the whole lipid. The decrease in iodine value 
shows an overall loss in unsaturation. After 12 months’ storage, the diene- 


conjugated acids showed an increase. 


SUMMARY 

During the storage of orange juice at room temperature, it was found 
that there was a considerable loss of nitrogen from the lipid fraction over a 
period of one year. This loss was particularly severe with choline nitrogen, 
the other forms suffering to a lesser extent. Also noted was a loss of approx- 
imately half of the phosphorus, most of it during the first 6 months. There 
was an overall increase in the percentage of fatty acids in consequence of 
the loss of those portions of the phosphatides associated with the nitrogen 
and phosphorus. The only other noteworthy changes in the fatty acids were 
a decrease in iodine value and a slight inerease in diene conjugation. 
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‘*Tenderness’’ is defined by Webster as ‘‘easily impressed, broken, cut, 
masticated ....’’ Easily impressed, broken, cut, masticated is the hope of 
all beef consumers. Market beef is classed by sex and age, graded for qual- 
ity, fatness and conformation, and cut into retail portions, largely on the 
basis of its expected tenderness. Cook books describe dry heat, broiling, 
frying and roasting, as suitable for meat with natural tenderness. They 
give detailed directions for using moist heat to tenderize meat cuts that 
lack natural tenderness. Consumers, of course, also desire high food value, 
juiciness and good flavor in beef, but their first consideration is for beef 
that can be ‘‘easily impressed, broken, cut or masticated.’’ 

Market and consumer experience, through the years, has discovered 
several factors that may influence the tenderness of beef. (a) Beef from 
freshly slaughtered carcasses (one to three days after slaughter) is less 
tender than beef from the same carcasses that have been aged or hung to 
‘*ripen’’ in a 0.7 to 1.7°C. (33 to 35°F.) chill room for 5 days or more. 
Normally beef aged for 10 days or longer is more tender than beef aged a 
shorter period. (b) Beef from young animals is more tender than beef 
from older ones. That means that beef from yearling and 2-year-old steers 
and heifers is usually more tender than that from older cows or bulls or 
even from 3-, 4-, and 5-year-old steers. (c) Beef from well-fed, well-fat- 
tened animals is usually more tender, and otherwise more desirable than 
thin beef from poorly fed animals. (d) Certain working muscles, such as 
those of the shank, neck, shoulder and round are less tender than the larger, 
less worked muscles of the back and loin. 

Research has corroborated these opinions of the market and has deter- 
mined many of the reasons for the differences noted. It is known that there 
are differences in the amount of connective tissue in animals of various 
ages and among the ‘‘working’’ and ‘‘less worked’’ muscles of the same 
carcass. It is recognized that muscle bundles swell or enlarge to some ex- 
tent when animals fatten. Also aging, enzymes, acids and doubtless other 
agents change the character of muscle tissue. However, there is little in- 
formation on the histology of muscle tissue as it relates to tenderness. 


* This paper is a portion of a thesis submitted by the senior author to the Graduate 
Faculty of the University of Massachusetts in partial fulfillment of the requirements for 
the degree of Doctor of Philosophy in Food Technology. 

» Presented at the forty-fourth annual meeting of the American Society of Animal 
Production, Chicago, Illinois, November 29, 1952. 

* Contribution No, 877 of the Massachusetts Agricultural Experiment Station in co 
operation with the U. S. Department of Agriculture. 
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Research has also discovered that there are differences in the tenderness 
of meat from animals that by breeding, feeding, age and method of hand- 
ling should have been similar. If more tender beef is to result from re- 
search, it is essential to determine the inherent causes of tenderness or 
toughness in the fibers and connective tissue of beef, to learn to identify 
those differences and to be able to measure changes produced in them by 
experimental means in order to improve our beef supply. The purpose of 
this study is to record and compare the differences in tiber diameter from a 
wide variety of beef samples of known history and reiate them to the pre 
viously determined tenderness of the heated meat (8). 


REVIEW OF LITERATURE 


Texture in meat, firmness, and moistness are believed by many to be closely asso 
ciated with tenderness. This means that in 2 similar cuts the finer textured meat would 
be more tender. Hirzel (9) stated that texture depends on the number and development 
of the fibers in a muscle bundle; whereas, tenderness depends upon the amount and dis 
tribution of connective tissue. Hammond (6) cited many authorities in his report on 
studies of the texture of meat. He found the consensus to be that the size of the muscle 
fiber increased with age, exercise, and nutrition; male animals have the largest fibers, 
castrated males intermediate, and females the smallest. As a result of this study of sheep 
muscle, he reported that post-natal growth influenced fiber and muscle bundle size. Those 
animals with the greatest post-natal growth had the largest fiber diameter and muscle 
bundles. He also reported that muscle bundles in the wether are larger than those in 
the ewe and that in the smaller sheep breeds there was finer grain to the lean meat; 
however, it was not in proportion to the differences in body weight. Robertson and 
Baker (13) in a study of level of feeding found that fiber diameter was largest in 
full-fed animals, intermediate for half-fed and smallest for those on roughage only. 
This would indicate a relationship between fiber size and muscular nutrition when ani 
mals of the same age are used. The size of muscle fibers is reported by Lehmann (10) 
as a factor contributing to tenderness in meat, the smaller the fiber the more tender 
the meat. 

Brady (2) found significant differences in diameter of muscle fibers between grade 
yearling steers, of Hereford and Shorthorn breeding, and mature grade Holstein cows, 
and between fresh, aged and cooked muscles; but no difference in diameter of fibers 
from different muscles. This study was made on triceps brachii, longissimus dorsi, 
adductor and semitendinosus muscles. The difference in number of fibers making up a 
muscle bundle was reported by Brady to be significant between steers and cows and 
between different muscles, but he found a low correlation (+.22) between shearing 
strength and diameter of muscle fiber in aged musele. There was a closer relationship 
in the cooked samples, the correlation coefficient being +.53. The number of fibers per 
bundle was more closely related to tenderness. His conclusions were that texture was 
dependent on size of bundle, the larger the bundle the finer the texture, and the finer 
the texture the more tender the meat. Beard (1) also concluded that the inherent prop 
erties of the endomusium contributed more to tenderness than size of fiber. On the 
other hand, Moran and Smith (11), in studying characteristics of muscle fibers and 
tenderness, showed that the diameter of the muscle fiber, the area of cross-section of 
primary bundles and of secondary bundles was progressively larger in psoas major 
(tenderloin), longissimus dorsi (rib), biceps femoris (top round) and semimembranosus 
(inside round), Likewise, the number of fibers decreased for each primary bundle in the 
same order. This would indicate that small muscle fibers and small primary and see 
ondary bundles are associated with tenderness, as the museles are listed in decreasing 
order of tenderness. Ramsbottom, Strandine and Koonz (12) found great variations in 
texture of muscles as determined by the size of the bundles (fasciculi) and the amount 
of connective tissue (perimysium) surrounding the bundles. They found well defined 
fasciculi and extensive perimysium in the superficial pectoral muscles, whereas in the 
psoas major the connective tissue was in such small amounts that the muscle was not 
divided distinctly into bundles, the result being a muscle that was smooth and fine 








366 HINER, HANKINS, SLOANE, FELLERS, AND ANDERSON 


textured. The former muscle had a high shearing strength value and was tough; the 
latter had a low value. This study was made on 25 of the larger museles from each of 
three ‘*U. S. Good’’ grade beef carcasses. 

Meat from older, mature animals is generally considered to be less tender than that 
of younger, immature animals. Hiner and Hankins (8) found that the age of the animal 
at the time of slaughter had a significant effect on tenderness. Their study was based 
on 52 animals that varied from 10-week-old calves to 9-year-old cows. They found that 
veal calves were the most tender, and that tenderness decreased with increasing age of 
the animal. They also reported that tenderness in veal calves did not vary among the 
euts as much as it did in the more mature animals. Beginning with 900-pound, 14-month 
old steers, there were 4 distinct degrees of tenderness: (a) the most tender, the tender 
loin; (b) club steak from the shortloin, sirloin steak from the loin end, prime rib steak 
and two chuck samples; (¢) the round steak; and (d) the least tender, the neck and 
foreshank. Helser, Nelson and Lowe (7) reported that meat from veal calves was less 
tender than that of older animals; whereas, Foster (5) found no difference between 
meat from a year-old Choice steer and that from a steer 9 years old. However, the 
majority of the reports on the tenderness of meat indicated the general tendency was 
for it to vary inversely with age. 


NATURE OF MUSCLE TISSUE 


Muscle tissue performs work by contracting or by shortening and thickening of its 
constituents. Due to the innumerable types of work necessary in vertebrates, each 
muscle is constituted in such a manner as to best perform its function. There are 2 types 
of muscle, smooth and striated. Smooth muscle is, in most cases, involuntary and is 
found mainly in the internal organs. On the other hand, except for cardiac musele, 
striated muscle is subject to voluntary control and is attached to the skeleton. These 
striated skeletal muscles are referred to as ‘‘meat’’ in the slaughtered, dressed and 
chilled animal careass. Basically, all striated muscles are made up of primary muscle 
fiber bundles held together by connective tissue. Several primary muscle bundles in 
turn are bound together by connective tissue to form secondary bundles. Likewise, 
several secondary bundles are bound together to form a tertiary bundle, ete., until a 
large muscle is formed. Each muscle bundle is made up of a very large number of 
parallel independent musele fibers held together by interstitial connective tissue or 
endomysium. Endomysium is a thin layer of collageneous tissue which may or may not 
also contain elastie fibers. 

Muscle fibers in cross section are round or oval, but vary in diameter and length. 
Except for those fibers attached to a tendon, which are blunt, they tend to taper to a 
point. Surrounding each muscle fiber is a continuous, thin, transparent, structureless 
membrane, the sarcolema, A freshly separated muscle fiber appears slightly yellow and 
striated in both longitudinal and transverse directions. These striations are due to the 
arrangement and the optical properties of the myofibrils which are numerous very thin 
fibrils located in the ‘‘cell sap’’ or sareoplasm of each muscle fiber. These thin fibrils lie 
parallel to one another and run the entire length of the fiber, thus accounting for the 
longitudinal striation. The myofibrils are not homogenous but consist of alternate dark 
and light dise-like sections which coineide in adjacent myofibrils and thus give the fiber 
its transverse striation. Each muscle fiber contains numerous nuclei generally Joeated 
just beneath the sareolema. The sareoplasm contains a substance which consists of 


myosin and myogen, nucleoproteins, liposomes, salts and a pigment which is closely 


related to hemoglobin, known as myoglobin. There are also numerous metabolic inter 
mediaries such as lactic acid and ecreatin-phosphate. 


EXPERIMENTAL 


Origin of meat samples. Meat samples used in this study were obtained from 52 bes 
and veal animals that had been slaughtered and chilled under uniform conditions. The 
52 animals consisted of 8 cows that averaged approximately 5% years of age; 8 barren 
heifers, 3 years old; twenty-five 900-pound steers, 14 months old; eight 500-pound steer 
calves, 7 months old; and 3 veal calves, 2 months of age. According to the U. S. grading 
standard in use prior to 1951, the careasses graded as follows: cows, Commercial; 
heifers, Commercial; steers, Good; 500-pound ealves, high Commercial; and veal calves, 
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Good. These cattle were all beef-type Shorthorns, milking type Shorthorns or crosses 


between the 2 types. 

Preparation of samples for testing. After each carcass 
0.6 to 1.7°C. (33 to 35°F.) it was cut into its primal cuts. 
114-inch pairs of samples were removed for study. These 
such a manner that each primal cut was represented by 
samples were removed at the following locations ( Figure 


was aged for 12 to 15 days at 
From these primal cuts nine 
samples were distributed in 
one or more samples. The 
1): (a) neek, 6th cervical 


— RUMP 


LOIN END 


SHORT LOIN 


——PRIME RIB 


RISKET —— 
6 t CHUCK 


FORE SHANK — 


Figure 1. Side of beef, with primal cuts outlined by broken lines and locations of 


samples used in study by solid lines. 


vertebra; (b) foreshank, through radius and ulna bone near elbow joint; (¢c) 3rd rib, 


(d) across humerus or round bone of chuck; (e) 8th rib, at 
psoas major (tenderloin) below 
(i) 1% inches from cut 


at 3rd thoracic vertebra; 
Sth thoracic vertebra; (f) 3rd lumbar vertebra; (g) 
6th lumbar vertebra; (h) rise of pelvie arch (loin end); and 
surface or face of the round. Each set of 9 samples was from one side, and each age 
group of animals was represented by an equal number of sets of samples from the right 


and left sides of the carcass. As soon as the samples were cut, they were returned to 


the refrigerater where they remained overnight. 

As near the 14th day after slaughter as possibie, the 9 prepared samples represent 
ing the right or left side were tested for tenderness, after heating to an internal tem 
perature of 60°C, (140°F.). Prior to weighing and heating, small cubes of muscle 
approximately 12 mm., on a side were dissected and fixed for histological study. 

The small cubes of muscle for histologieal studies were removed and treated in a 
This was done by selecting the muscle that made up the largest pro 
After the muscle was chosen, the area was selected from which 
In order to avoid variables that may oecur 


uniform manner. 
portion of that sample. 
the histological sample was to be removed. 
near the surface and in the center of the muscle, a location approximately one-third of 
This was determined by measuring the 


the distance from the outer surface was used. 
mm. cube of meat was 


diameter of the muscle on its longest axis. As soon as the 12 


removed, it was placed in approximately 50 ml. of 10% formalin solution where it 


remained for 5 to 8 days. 
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The cube samples used for the histological study were removed from the following 
muscles, all of which are classified as voluntary and striated; neck, serratus ventralis; 
foreshank, deep digital flexor; 3rd rib of chuck, longissimus dorsi; cross-arm of chuck, 
triceps brachii; 8th rib, longissimus dorsi; shortloin, longissimus dorsi; tenderloin, 
psoas major; sirloin, gluteus medius; and round, semimembranosus, semitendinosus and 
biceps femoris muscles. 

After fixing, the muscle samples were removed from the formalin solution and cut 
in halves lengthwise. One-half of each sample was trimmed into a rectangular block 
The blocks of tissue were embedded in paraffin by the 


approximately 10x 5x6 mm. 
to abso 


usual procedure of dehydrating in increasing concentrations of alcohol (70% 
lute), followed by xylene, xylene and paraffin; and finally embedded in paraffin. The 
second half of each sample was returned to the formalin solution for studies on fiber 
diameter. 

For the fiber diameter study, a heavy circular line was drawn with a glass marking 
pencil, about 20 mm. in diameter, on a clean glass slide. Several drops of clear beef 
blood serum were placed within the circled area. The fixed sample of muscle was re 
moved from the formalin solution, the excess moisture blotted off, and then, using a 
sharp razor blade, very thin sections of muscle tissue were sliced off and floated in 
the serum. With the use of a dissecting microscope and a pair of dissecting needles, a 
group of 30 to 40 fibers were teased from the slice of musele. After removing any un 
used portion of the slice, a clean cover slip was carefully placed over the cireular area 
containing the serum and individual fibers. The prepared slide was then transferred to 
a microscope equipped with an ocular micrometer. 

The average diameter of fiber was determined by measuring 12 musele fibers at 
random. Any fibers that appeared to be split or damaged in any way during the teasing 
operations were avoided. Each of the 12 fibers was measured at 3 locations, avoiding the 
ends which may be pointed or rather flat in character. The 36 measurements obtained 
in this manner were averaged and considered to be the average diameter of musele fiber 


for that muscle. The measurements were recorded in microns. 


RESULTS 

The average diameter of the fiber for each of the 9 muscles from each 
age group is shown in Table 1 and Figures 2, 3, and 4. It will be noted 
that the fiber diameters for the 9 muscles in each age group classified them- 
selves into 4 general groups. The neck and foreshank muscles had the 
largest diameter, closely followed by those of the round; third, the two 
chuck muscles, eighth rib, shortloin and loin end; and fourth and smallest, 
those of the tenderloin. This grouping was the same as that previously re- 
ported by Hiner and Hankins (8) for resistance to shearing for these same 
muscles. It is of interest to note that the diameters of fibers for chuck at 
third rib, eighth rib, and shortloin for each age group were quite similar. 
These 3 samples were from the longissimus dorsi muscle but were removed 
at locations representing approximately 14, 14, and 34 of its total length. 
The 3 muscles, semimembranosus, semitendinosus and biceps femoris varied 
little in average diameter of fiber for any age group. 

It is also shown in Table 1 that as age of animal increased the diameter 
of fiber increased in all muscles studied. To determine if these differences 
were of any significance, the fiber diameter values were tested for signifi- 
eance of differences between means for each of the 5 age groups, using the 
““T’’ test, Fisher (4). This analysis showed that the mean difference in 
fiber diameter was significant at the 1% level for each of the 9 samples be- 
tween cows and 900-pound steers, cows and steer calves, heifers and steer 
ealves and 900-pound steers and 500-pound steer ealves. In general the 
differences in diameter of fiber between consecutive age groups were less 
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LOCATION OF SAMPLE 


Figure 2. Relationship between fiber diameter of 9 muscle samples of beef and 3 


a 


muscles of the round from 500-pound steer calves. 
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significant than when there was an intervening age group, except between 
the 900-pound and 500-pound steer calves. In most cases the differences 
between consecutive age groups were significant at the 5° level, the re 
maining few not being significant. A similar analysis of the mean diameter 
of fibers for the 3 muscles of the round by age groups showed the same 
results. 

This analysis of fiber diameters would indicate that the greatest change 
occurred between 8 and 14 months of age. The 500-pound steer calves rep- 
resented &-month-old animals and the 900-pound steers the age at which 
growth has begun to level off. The lack of more significant differences be- 
tween veal calves and the other age groups of beef was probably due to 
small numbers (3) and the difficulty of teasing out the whole individual 
fibers for measurement. 

As previously stated, data in Table 1 show that in all cases the diameter 
of fiber consistently increased with each age group. However, the semi- 
membranosus muscle, one of the 3 round muscles studied, was slightly 
larger in veal calves than in 500-pound steer calves. The greatest difference 
in average diameter of fiber between veal calves and cows was 23.8 microns 
and the smallest was 18.4 microns. These differences were found in the 
longissimus dorsi muscle of the 3rd rib and in the semimembranosus muscle 
of the round, respectively. These differences between veal calves and each 
succeeding age group are shown in Table 2, expressed as percentage in- 
crease. It will be noted that the greatest increase in terms of percentage 
was found to be for the sample representing the tenderloin muscle with an 
increase of 80.8%. The smallest increase was found to be 38.0% for the 
neck sample. The largest percentage increase in diameter of fiber between 
any 2 age groups was that between the 500-pound steer calf and 900-pound 
steer groups. Take, for example, the tenderloin muscle; from veal to steer 
calves the increase was 19.2% and from veal calves to 900-pound steers, 
59.8%. Likewise, the difference between veal calves and heifers was 73.6%, 
and for cows, 80.8%. Similar results are shown for the remaining samples. 

Likewise, there was little difference in the percentage rate of growth in 
fiber diameter for the 3 large muscles of the round. Again, the largest dif- 
ference was found to be between 500-pound steer calves and the 900-pound 
steers. These results add confirmation to the premise that the greatest 
change in fiber diameter, as previously stated, was due to the rapid growth 
during this period of animal life. 


TABLE 3 


Analysis of variance of the tenderizing effect due to fiber size on beef animals 
of different ages and sexes 
Source of Variation pate a Sum of Squares Mean Square 

Animal groups > ; 6 25,672.51 ¢278.75° 
Samples. ~ 16,080.27 °010.03° 
Interaction... 48 5,855.23 121.98* 
Se 405 18,966.47 46.83 

a 467 66,574.48 

¢ Very highly significant 

f Significant 
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Figure 3. Relationship between fiber diameter of 9 muscles of beef and 3 muscles 
of round from cows. 
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LOCATION OF SamPLeE 
Figure 4. Fiber diameter relationship between muscle samples from different ages 


and sex. 


An analysis of variance was made of the data. As shown in Table 3, 
the differences between animal groups and between muscle samples were 
both very highly significant, whereas the interaction of animals and sam 
ples was only significant. 

One of the objects of this study was to determine whether there was a 
relationship between diameter of fiber and tenderness of the heated sample. 
To study this relationship, correlation coefficients between diameter of fiber 
and values for resistance to shearing were caleulated, Snedecor (14). The 
results are shown in Table 4. It will be noted that the correlation coeffi- 
cients varied from +-0.75 for the 52 neck samples to +-0.31 for the 52 fore 
shank samples. All of the ‘‘r’’ values were very highly significant except 
the one for the foreshank which was only significant at the 5% level. There 
fore, as fiber diameter increased, resistance to shearing increased. Further 
examination of Table 4 shows that those muscles earlier referred to as 
‘‘working’’ muscles had higher correlation coefficients than those classified 
as ‘‘less worked,’’ except in the case of the foreshank. 

It may be noted that when all samples were considered as one popula- 
tion, the correlation was +0.64, which is highly significant at the 0.001 
level, Table 4. However, as shown by the scatter diagram, Figure 4, the 
relationship is curvilinear. By using the simple parabola the correlation 
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TABLE 4 


Coefficient of correlation of tenderness (resistance to shearing) and diameter 
of fiber for each of the muscle samples studied 


Number Correlation 

Muscle Sample of Coefficient 
Samples +" 

52 +0.75 P< .001 

initia a eed 52 +0.31 P< 05 

Chuek, 3rd rib............. : " 52 +0.60 P< .001 

Chuck, Cross-arm.. s caalsekoman 52 +0.68 P< .001 

Kighth rib 5 ceiadia ss aurea ies 52 +0.67 P< .001 

52 +0.51 P< .001 


Shortloin.............. ee eee 52 

Tenderloin 52 + 0.54 P< .001 
SESE See anaes oe ee eee ; 52 +0.64 P< .001 
Round 52 +0.72 P< .001 
All samples 468 +0.64 P< .001 


«P< 001—Very highly significant; P < .05—Significant. 


Significance 


was found to be 0.83. The standard error of estimate was 5.26. The regres- 
sion line, or curve of average relationship, shown in Figure 4 was that of a 
normal growth curve: Ye a+ blog x, Ezekiel (.3). 

To determine if diameter of fiber and resistance to shearing for samples 
representing any one age group were more closely related than those of an- 
other age, coefficients of correlation between the samples in each age group 
were determined. Table 5 shows that tenderness and fiber diameter in the 
mature animals were more closely associated than in the younger immature 
cattle. The coefficient of correlation in the case of cows was +-0.77 and 
for veal calves +-0.50. The intermediate age groups had intermediate ‘‘r’”’ 
values. The coefficients for all age groups were very highly significant. 


TABLE 5 


Coefficient of correlation of tenderness (resistance to shearing) and diameter 
of fibers for nine samples in each age group 


Number | Correlation 
Animals Used 0 Coefficient Significance ® 


samples r 


im 
72 +0.61 P< .001 
+0.63 P< .0O1 


70 +0.77 P< 001 


PI TI so cacicnvesass svedsccenensacees 7 
Steers—900 pounds 225 
Steer calves—500 pounds.................. 72 +0.58 P< .001 


Veal calves 27 +£0.50 P< .001 


bP < .001—Very highly significant 


SUMMARY AND CONCLUSIONS 


Studies were made to determine the relationship to tenderness of fiber 
diameter in beef muscles that varied widely in tenderness. Nine samples 
of muscle from each of 52 beef animals were used. The animals varied from 
10-week-old veal calves to 9-vear-old cows. The carcasses were aged approx- 
imately 14 days at 0.6 to 1.7°C. (33 to 35°F.), cut into their primal cuts 
and from these the 9 samples were prepared. The samples were weighed, 
heated to an internal temperature of 60°C.(140°F.), and tested objectively 
for tenderness. The histological sections were fixed in 10% formalin solu- 





TENDERNESS OF BEEF MUSCLE 





. TT 


a 
° $ 


OIAMETER OF FIBER (MICRONS) 
° 


1- REGRESSION LINE 
2-STANDARD ERROR OF ESTimaTE 


ow 
°o 








20 ! I | ! | | 
0 10 20 30 40 50 60 70 
TENDERWNESS-RESISTANCE TO SHEAR (POUNDS) 


Figure 5. Scatter diagram of averages of fiber diameter and tenderness (resistance 
to shearing) of all muscles with curves of average relationships and standard errors of 
estimate. 





» of each sample was embedded in paraffin 


and the other half used for fiber diameter determinations 
The diameters of the fixed fibers from the 9 samples classified themselves 


tion for 5 to 8 days, after which !. 


into 4 general groups in increasing magnitude as follows: (a) tenderloin ; 
(b) the two chuck samples, sth rib, shortloin and loin end; (@) round ; 
d) neck and foreshank. There was little difference in diameter of fiber for 
the 3 large muscles of the round, the semimembranosus, semitendinosus and 
biceps femoris. With increasing age of the animal there was a consistent 
increase in average muscle fiber diameter for all samples studied. 

The difference in diameter of fiber of the muscles from veal calves and 
200-pound steer calves was not significant at the 5% level. However, the 
difference between steer calves and 900-pound steers was highly significant 


Other highly significant differences were found between cows and 900- 


pound steers, cows and 500-pound steer calves, and heifers and 500-pound 


steer calves. 

In terms of percentage the psoas major (tenderloin) muscle fibers in 

creased in size the most from veal to cows, whereas, the serratus ventralis 
neck) muscle increased the least. In general the less active muscle fibers 
increased in size more than those that were more active. 

Coefficients of correlation of tenderness (resistance to shearing) and 
diameter of fiber for each muscle ranged from an ‘‘r’’ of +-0.75 for the 
neck sample to -+0.51 for the foreshank. All coefficients of correlation were 
very highly significant except that of the foreshank. The relationship be 
tween tenderness and fiber diameter for all of the samples was shown to be 
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curvilinear. The curvilinear correlation was 0.83. All coefficients of corre- 


lation involving samples from any one age group were very highly signifi- 
cant. They varied from a low of +0.50 for veal calves to a high of +0.77 
for mature cows. The correlation for steer calves was +-0.58, 900-pound 
steers -+-0.63 and barren heifers +-0.61. Analysis of variance showed that 
fiber diameter and tenderness of the animals and samples was very highly 
significant but the interaction of the two was only significant. 
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The potential importance of algae as food has stimulated numerous in 
vestigations on the large-scale production of Chlorella pyrenoidosa” This 


prospect is attractive particularly because the fat and protein content of 


Chlorella vary widely depending upon the composition of the culture 
medium and other factors (15). In the present experiments the amino 
acid composition of 2 species of Chlorella has been determined as an index 


of the nutritional quality of algal proteins. 


EXPERIMENTAL ° 


Chlorella pyrenoiwdosa and Chlorella vulgaris (Emerson strain) were cultured asep 
tically in Hoagland and Arnon’s (/) medium contained in 4-1. conical flasks, each 
fitted with a sealed-iw aeration tube. The flasks were aerated at the rate of 300 ml. of 
air per minute for 30 days in an unheated (temperature, 12°C. to 25 ¢ glass house 
under natural conditions of illumination. 

The cells, harvested by centrifugation, were extracted in a Soxhlet apparatus for 
S hours with acetone and then 8 hours with diethyl ether. The solid material in the 
extract represented about 9% (dry weight) of the cells ( about 6.5 g. of dry cells per 
liter of medium). The solvent-extracted cells were extracted twice with cold and then 
once with hot trichloroacetic acid to remove as much non-protein material as possible. 

For the amino acid assays 2.0 g. of dry product were heated for 18 hours with 20 
ml. of 6 N HCl in a sealed pyrex tube in an autoclave at 18 Ibs. pressure. Samples 
(0.25 g.) for the determination of tryptophan were heated under the same conditions 
with 10 ml. of 3 N NaOH. Each hydrolysate was diluted to volume in a volumetri« 
flask and employed as stock solution in the assays. The amino acids were determined 
microbiologically by the following methods: alanine, Sauberlich and Baumann (1/17) 


proline, Dunn et al. (5), and the remaining amino acids, Dunn ef al. (3) 


RESULTS AND DISCUSSION 

The percentages of 17 amino acids in the crude protein (moisture-, 
ash-, and lipid-free material from chloroacetic acid-extracted cells) from 
two strains of Chlorella are given in Table 1. The probable maximum 
errors of these values are approximately 5° of the mean values. The 
values reported by Combs (2) and those of the authors corresponding, 
generally are of the same order of magnitude although not quantitatively 
in good agreement. Differences in strains. culture conditions, cell treat 
ment or, possibly, microbiological assay procedures may account for the 


disagreement. 


“Paper No. 93, This work was aided by grants from Swift and Company, 1 
Public Health Service, and the University of California. 

"Present address: Department of Physiological Chemistry, School of Medicine, Uni 
versity of California, Los Angeles, 

“Present address: The Samuel Roberts Noble Foundation, Ardmore, Oklahoma 

*See Cook (1) and Myers et al. (10) for reviews of the earlier literature. 

“Cultures of the Chlorella strains were kindly supplied by Dr. D. Appleman, De 
partment of Irrigation and Soils, University of California, Los Angeles 
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TABLE 1 
Amino acid composition of chlorella ‘ 
Chlorella pyrenoidosa Chlorella 
vulgaris 
Amino acid 
Authors Combs (8) Emerson! 
£ h 1 Authors 
Alanine..... ; ; isipsoesnses ; 5.59 ee ; 
Arginine.. 6.07 4.71 9.97 
Aspartie acid 7.91 
Cystine............ ; 0.83 
Glutamic acid.............. peers ve 8.65 : ; 
Glycine 4.25 iad 5.50 
PEIBCIEING. 6506000000500 oes ER 2.00 1.44 1.62 
Isoleucine...... 5.31 $.00 4.23 
Leucine........... 8.7 8.66 4.08 
RD icecescorese 1.13 +.71 6.08 
Methionine...... 0.48 0.82 1.45 
Phenylalanine. $.97 t.14 5.39 
ae 3.99 ‘ ‘ 
Threonine...... 4.32 $85 4.78 
Tryptophan.. , 1.22 1.83 1.05 
Tyrosine.. Lv? 3.2 
Valine 5.72 .65 6.67 5.29 
Mc salinccstsdssataarscbepacionieuscectepationesss 76.9 eee” = 74.2 
‘Values given as per cent amino acid of protein (N 6.25) in extracted, dried cells 
® Nitrogen, 6.939; moisture, 8.27% ash, L.O3% 
"Nitrogen, 7.0(44.0/6.25)%. Microbiological assay by Food Research Laboratories of cells 
grown by Arthur D. Little, Inc 
' Nitrogen, 6.4(40.0/6.25)% Microbiological assay by Merck and Company of cells grown by 


Spoehr and Milner (3). 
) Nitrogen, 6.54%; moisture, 
* Value seems to be incorrect 


10.15%; ash, 0.08% 


Krom tests on the food potentialities of dried (presumably solvent- 
extracted) Chlorella pyrenoidosa, Combs (2) concluded that this alga sup- 
plied important quantities of carotene and certain B-complex vitamins 
significant in the nutrition of the ehick. On the other hand, the inelusion 
of 10° dried cells in the diet in place of an equal quantity of soybean oil 
meal resulted in an average body weight which after 4 weeks was lower 
than that on the complete broiler mash or the basal ration supplemented 
with 0.1% pi-methionine. This experiment was designed to test what was 
presumed to be a low level of methionine in Chlorella protein compared 
to soybean. It was suggested that the growth-depressing action of the dried 
Chlorella resulted from lowered food consumption and that the latter was 
due to an impacted beak condition caused by the hygroscopic nature of 
the material. 

These tests seem inadequate and should be repeated. 
with the conclusions of Combs (2) have been reported recently by Fowden 
(7, 5). As shown in Table 2, the methionine content of Chlorella vulgaris 
protein, containing about 75° of the total nitrogen of the cells, is approxi- 
mately twice that of soybean protein. Although grossly deficient in eystine 
and moderately so in methionine and histidine, apparently Chlorella pro- 
It seems a logical 


Data inconsistent 


tein contains adequate quantities of other amino acids. 
assumption, therefore, that Chlorella protein, and possibly cells, may serve 
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TABLE 2 
Amino acid composition of chlorella and other proteins ' 


Chlorella Whole 
Soy bean 
vulgaris ™ hen's egg 


Amino acid , P 
owden junn ela 
yr Sd o 
9 10 11 Dunn et al 


Alanine seco ; ‘ nave 8 
Arginine on : j i) 
Aspartic acid 

Cystine 

Glutamic acid 

Glycine. 

Histidine 

Isoleucine. 

Leucine 

Lysine.. 

Methionine 

Phenylalanine 

Proline 

Serine 

Threonine 

Tryptophan 

Tyrosine 


Valine 


Total 


'Values given as per cent amino acid of protein 
™ Calculated from the relation: g. amino acid N 
of amino acid/g. of amino acid per mole of amino acid 
®Dunn, M. S., Shankman, S., Camien, M. N ‘ 
Value given by Evar et al ;2 


Value given by Schorn ‘ ind Walter 1 


satisfactorily as a source of amino acids in animal feeding and, if supple 
mented with cystine, methionine, and histidine, would be equivalent to 
other proteins of high nutritional quality It is the authors’ intention to 


acquire experimental evidence bearing on this problem 


SUMMARY 
The percentages of 17 amino acids in the crude protein from 2 strains 
of Chlorella have been determined by microbiological assay procedures 
It has been concluded tentatively that Chlorella protein, and possibly cells, 
may serve satisfactorily as a source of amino acids in animal feeding if 


supplemented with cystine, methionine, and histidine 
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Wines are complex from the standpoint of their chemical and physical 
properties. Small changes in such properties may result in relatively large 
changes in organoleptic response by some tasters; large changes, as shown 
by analytical results, may be entirely overlooked organoleptically. To find 
and develop tasters with sufficient technical background and organoleptic 
discrimination to insure uniform and consistent ratings of diverse types 
of wines has proved most difficult. 

The purpose of this study is to present detailed organoleptic and an- 
alytical data on 2 types of wines (Cabernet and Riesling) for 5 highly 
trained tasters. The possibility of replacing organoleptic ratings of highly 
trained experts by routine analyses by laboratory technicians and statis- 
tically derived estimating equations is also examined. 

It will be worth while to have in mind a few of the primary facts 
revealed in this study. Only a few analytic characteristics discriminate 
between Cabernets; more, but not all, of the characteristics considered dis 
tinguish the Rieslings. Some analytical data discriminate between tasters 
although they may, or may not, help indicate differences between wines 
within a type. Certain analytical variables have been selected as a basis 


for predicating organoleptic scores. In some cases the percentage variation 
taken care of by the estimating equations is high enough to be definitely 
encouraging. Better results are obtained for Riesling than for Cabernet 
wines. Some tasters even among those highly trained are more consistent 
than others and have much greater sensitivity to varying chemical and 
physical properties of the wines. These facts will be made evident in greater 


detail in the course of this article. 


REVIEW OF THE PROBLEM 


Many attempts have been made to replace organoleptic ratings of foods and bever 
ages by observation of certain of their chemical and physical characteristics. In some 
instances a measure of success has been attained. Blanchard and Maxwell (2), for 
example, found correlation coefficients of 0.73 and 0.74 between sugar content and 
tasting scores of peas picked at different stages of maturity. Although such corre 
lations are not always possible, Boggs and Hanson (3%), Wagner (6) give many sue 
cessful correlations. 

Most investigators end up by accepting organoleptic testing as the final authority 
despite the fact that the establishment and application of organoleptic standards by 
different people is extremely difficult. Because of this difficulty and the general com 
plexity of the whole subject of organoleptic testing, there has been a tendency to accept 
certain individuals as ‘‘authorities’’ without too careful an inquiry into the consist 
ency of their ratings and their ability to detect and evaluate undoubted organoleptic 
differences. 

Recently food technologists have come to depend on trained panels or on consumer 
acceptance tests. Trained panels have this advantage—they ean be trained to detect 
certain differences, and if the proper methods are used the results can be analyzed for 
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statistical significance. Consumer preference tests can be used to predict certain lev 
els of consumer acceptance and may be utilized profitably by those catering to well 
defined groups of consumers, but an adequate methodology for this latter type of 
testing for application to foods of varying kinds, prices, and qualities with due 
consideration for the immense range of consumer groups (racial, economic, religious, 
urban and rural, ete.) has yet to be developed. 

With reference to wine, the need for a method for accurately predicting quality 
has been stressed by Palieri and Garoglio (5) and Klenk (4). Palieri and Garoglio 
developed a seore card which when multiplied by the nominal market value was to be 
used as the actual market price. Klenk, who also developed a score card, carefully 
annotated each part of it as to the plus or minus points to be awarded. The scores 
obtained were to be used along with must and wine analyses. No correlations were 
attempted, and the number of examples reported was very small. 


EXPERIMENTAL 


Organoleptic tests were made by 5 individuals on 13 Cabernet wines and 17 
Riesling wines. The results together with corresponding observations on certain chemi 
eal and physical characteristies of the wines comprise the experimental data. Procedures 
were as follows: 

The tasters were told the type of wine being tasted and were asked to score the 
wine. The taster had 4 or 5 wines to taste at a session. Tasters worked completely 
independently of each other. Cabernet wines were served at room temperature (70° F.), 
and Riesling wines at about 55°F. Tulip-shaped clear-glass wine glasses were used. 

The score sheets used were those employed in this laboratory, see Amerine (Ja). 
All tasters were familiar with and had used the score card. Furthermore, all tasters 
were familiar with the 2 types of wines. However, no preliminary warm-up tasting or 
training period was employed. 

The wines were commercial California Cabernet and Riesling table wines whieh had 
been submitted to the 1947 California State Fair for judging. They represented a 
cross section of the best and worst wines of these types as the over-all scores reveal. 
The range—64 to 85-——is about the maximum normally obtained with this score ecard. 

Immediately after the tastings the residual wine was analyzed by the usual methods 
of this laboratory, Amerine (7b). The analyses are summarized in Table 1. The total 
and partial organoleptie scores are given in Tables 2 and 3. 

Analysis of data. Analyses of variance were run on the total and partial organoleptic 
scores in order to determine the consistency of the ratings of the 5 tasters (Table 4). 
F values significant at the 5% level are indicated by one asterisk; at the 1° ¢ level 
by 2 asterisks. 

Organoleptie ratings were given separately on some of the chemical and physical 
characteristics. In order to study the predictability of organoleptic ratings for these 
single factors by means of more objective determinations correlation coefficients were 
computed. Since it is not pertinent to the purpose of this study to consider these data 


as random samples from some hypothetical population and discuss their ‘‘significance’’ 
on this basis, these coefficients will be regarded as measures of the predictability of 
organoleptic scores in terms of objective measures. The correlations ranged from —0.82 
to 0.80, and though many were insignificant some were high enough to be encouraging. 
Even though the predictability of organoleptie ratings is low, in general, for one 
independent variable, it may be that using several characteristics objectively measured 
will give very good results. In order to help select good predictors the correlations 
between the various objectively determined characteristics of Table 1 were computed. 
On the basis of the correlation coefficients and general intuitive considerations 5 
variables were selected for Cabernets and 6 for Rieslings. Variables selected for 
Cabernets were alcohol, total acid, hydrogen ion concentration, tannin, and volatile acid. 
The variables selected for Rieslings were total acid, volatile acid, sulphur dioxide, alde 


hyde, hydrogen ion concentration, and color. 

On the basis of the indieated variables in the order listed, linear estimating equa 
tions for total organoleptic scores for each taster and 2 combinations of tasters were 
computed. The coefficients varied markedly for the different tasters. 

In order to study the efficacy of the proposed method of estimating total organoleptic 
ratings the observed and computed ratings are compared in Table 5. The correspondence 
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TABLE 2 
Total and partial organoleptic scores on certain characteristics for five tasters for 13 Cabernets 
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TABLE 3 
Total and partial organoleptic scores on certain characteristics for five tasters for 17 Rieslings 
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TABLE 4 


Analysis of variance for total and partial scores for five tasters 
for 13 Cabernets and 17 Rieslings 








I F 
Characteristics Bet weer Between 
ne isters 
Appearance. 2.04* 27.54°* 
Ce inetieseieie nue seaduapaiad . ; 1.33 8.68** 
APOMS ANE DOUG... 6.6s..0:000ccccerevee0- <a 3.27°" 76 
REN ETEES NES EN) Randonee eee Co SPE Ee Oe tide 2.602* 44 
ESE eee ae ites sade 04 3:86*°* 
Sugar ciesee Gaoten aie a , ; 1.18 61.24** 
Body sehenne - piconnvinerenacsens ‘ ; ~ 1.10 4.74** 
Taste 2.30* ‘ie 
Tannin...... — 1.9] 2.48 
General quality.... Caseiniabipiadnanies a — , 4.35"* 3.76°* 
TORR. «cvs ‘ _ peitadneniaiia (vauugeddeaiepictee oes 1.34** 96 
Riesling 
III tu-c ccc vakeuseniccnasianacsateees 1.94* 8.42** 
SE rae anne ewe udisieuecnmatiies ; : . $.99** 2.78" 
Aroma and bouquet.................. etedavcuuetanaveaveuseaie 2.86** 3.55* 
Ws PR vcocasevessesocessntes ecisdnidickaeniaerswmdsnedacaidaiies Jose 32.71°° 7.20°* 
Pi occteviessvendlvnsesssvecess 1.90* 3.27* 
NT atevdtidsnvendiadevoodnnees siansoceuiaveniataeaen 26i"* 111.28°* 
Body. 1.46 8.45** 
Taste Pedibianlalg pata tct<iddatddaieiseddidavcneutausmoaedani taste 3.76** 6.50** 
Tannin...... Pee PR BEERS Cen ne ot 0.96 2.89* 
IN icc secdsicssxnduirmpinsrsdcanesecsvesabanistuseute ious ae” 2.10 
ORE ccvcnies = EES ES ESSE ee Ce eee Rn ee reRene is" 1.90 


* Significant at the 5% level 


** Significant at the 1° level 


between observed and computed values is summarized by the multiple correlation coeffi- 
cients squared which indicate the proportion of the variation as measured by the 
squares of deviations from the expected, accounted for by the estimating equations. 
These values of the squared multiple correlation coefficients are given in Table 6. 


DISCUSSION 

A major purpose of this paper is to indicate problems involved in relat- 
ing organoleptic scores to analytical data. In the first place it appears that 
different, rather closely related products (Cabernets and Rieslings) can be 
examined organoleptically with quite different results. For Cabernets dif- 
ferences between wines were found for appearance, aroma and bouquet, 
volatile acid, taste, general quality, and total. The differences between 
tasters were indicated at a higher level of significance and for more charac- 
teristics. Differences between tasters were indicated by appearance, color, 
total acid, sugar, body, taste, and general quality. These results were ob- 
tained even with highly trained tasters who had an extensive acquaintance 
with both Cabernet and Riesling wines. The tasters had had experience 
in wine tasting for periods of from 5 to 15 years; 3 of them had participated 
in the wine judgings at the California State Fair. 

Differences between the Rieslings were indicated for more characteristies 
and at higher levels of significance than for Cabernets. The characteristies 
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TABLE 6 


Multiple correlation coefficients squared for five tasters and two types of wines 
(Cabernet and Riesling) 


Taster Cabernet [ Riesling 

Di ceesani Siti acocateesiie tage titnedeadiaov us sade dildulpemunaneiceninmameniuebbiae’ 0.64 0.55 
ee acta h list inc ce lasahdld kaceeic hisses gh aca eee Ae anasasaneaionnieee sietasadaaaidiobs 0.32 0.74 
EE ING ee oe Bee MPT OC tte PO ECTS ee Ten NOPE ON re AEE Re Re 0.28 0.76 
aisha tac astdesdeses sash isu deeb aces Anacapa aaa Meas casas dlescapiodaidennnneacivasiaeisunes 0.36 0.34 
adit asdeabiieiaceiatecisasadinieseaate tap nceasatiassets ca pindiiienanboebendenaigiedsinnadeueavs 0.46 0.55 
PI Ee HEP Oe CD isis ssiins scesteccscccncsccnctacacesoscsscsinceseton 0.52 0.72 

0.40 0.75 


I III: Aisi Sasnedicalow ond ovndspbdcebd bcessbninis oualoeebuisinadaiaioownoede 


indicating differences between Rieslings were appearance, color, aroma and 
bouquet, volatile acid, total acid, sugar, taste, general quality, and total. 
Many characteristics also discriminated between tasters. These character- 
isties were appearance, color, aroma and bouquet, volatile acid, total acid, 
sugar, body, taste, and tannin. The 2 kinds of wine produced quite dif- 
ferent organoleptic responses. Color, acid, and sugar were much more im- 
portant in distinguishing between Riesling wines than between Cabernets. 

Scores obtained from estimating equations for these data range from 
poor to moderately good. With more extensive data the situation probably 
could be improved, at least for some tasters and products. There are many 
reasons why a better correspondence between observed and estimated scores 
was not obtained. They are discussed under the 3 headings—tasters, seore 
cards, and estimating equations—that follow. 

Tasters. From the taster’s point of view there was the problem of being 
unable to taste all the samples at one time and to make comparisons between 
them. Furthermore, the tasters appear to have varied in skill. The coeffi- 
cients of the linear estimating equations vary tremendously with taster 
and beverage. 

Score cards. The score cards may not be revealing uniform differences 
between scores. Wood (7) has pointed out that the sum of the scores may 
be less desirable than the geometrical mean or some other function of the 
individual scores. We have no assurance, of course, that the score card 
gives due weight to each of the quality factors. In 1951 Amerine and 
Joslyn gave a series of score cards that have been proposed for wine—all 
differing slightly from each other. Boggs and Hanson (3) have eriticized 
total scores but in judging over-all quality in wines it is difficult to avoid 
utilizing the total score. Another objection to the score card was that the 
tasters did not have uniform opinions regarding the scores for each part 
of the score card. On the color of Cabernet, for example, the judges marked 
very different scores for the same wine. 

Estimating equations. Only a limited number of physical and chemical 
analyses were performed and only a few of these were used in the estimat- 
ing equations. Quality in wines is probably a very complicated synthesis 
of many physical and chemical characters. The Cabernet and Riesling 
aromas are undoubtedly of great importance in the taster’s mind in judg- 
ing quality. 
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The remarkable fact is that with such a limited number of analyses and 
with so many faults made by the tasters and with the errors inherent in the 
score cards that such good correlations were sometimes obtained. Several 
correlations are statistically highly significant, but it is not possible to say 
just what the population values were because of the small number of wines 
available for each taster. The multiple correlation coefficients squared be- 
tween the scores predicted by the estimating equations of those actually 
obtained for the 5 tasters on the Cabernets were 0.643, 0.322, 0.280, 0.362, 
and 0.641. For the Rieslings they were 0.546, 0.737, 0.761, 0.336, and 
0.554. Equations for the Rieslings obviously are better than those for the 
Cabernet. One possible reason for this is that Cabernet aroma is a very 
important factor in its quality, but this character cannot at present be 
incorporated in the equations. 

The results reported here for wines are poor as compared to results 
reported for tasting butter, for instance, where a standard score card has 
been in use for many years and the judges are highly trained. However, 
it is felt that a start has been made and that further study of more exten- 
sive data may lead to great improvement in the grading and marketing of 
beverages and possibly of other products. 
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The relation of glycolytic changes (20), leading to the accumulation 
of acetaldehyde and alcohol, to enzyme activity, and off-flavor formation, 
in unsealded and undersealded frozen vegetable tissue has been pointed 
out by Joslyn (12). 

The separation and identification of acetaldehyde, ethanol, and other 
volatile carbonyl compounds present in frozen peas and the conditions 
governing their formation were investigated in some detail by David (7) 
during the period, 1945-1949. The data on the accumulation of aldehydes 
and aleohol has been reported elsewhere (1°). The chromatographie sep- 
aration of 2,4-dinitrophenylhydrazones of carbonyl compounds occurring 
in fresh and frozen pea seeds, their characterization by absorption spectro- 
scopy, and related observations are reported here. 


MATERIALS AND METHODS 


Preparation of material. Freshly harvested Laxton Progress peas which had been 
frozen and stored since 1937 at —18°C., and various lots of fresh green peas bought 
locally were used. They were shelled by hand, mixed, washed, scalded in water for 2 
minutes or more at various temperatures, cooled and frozen and stored in sealed cans. 

Anaerobiosis was usually carried out at room temperature on approximately 400 g. 
of peas held in a stoppered 500 ml. Erlenmeyer flask under nitrogen for 6 hours. When 
aldehydes and alcohol alone were to be determined, the peas were surface sterilized by 
placing them in a 1% solution of mercuric chloride for 10-15 minutes after which they 
were washed twice with boiled distilled water. When carboxylase activity was to be 
determined, sterilization was not carried out. No bacterial contamination occurred under 
these conditions. 

The volatile aldehydes and aleohol were obtained by steam distillation of 100 g. of 
finely ground material, until 400 ml. distillate was obtained. 

Pyruvic carboxylase activity. Carboxyvlase activity was determined on a suspension 
prepared by blending 100 grams of fresh, partially blanched or frozen peas with 100 
ml, of 0.125 M acetate buffer of pH 4.6 for 2% minutes in a Waring blendor (25). The 
ground material was then strained through 2 layers of cheese cloth and its pyruvie 
carboxylase activity was determined immediately, at 29.7°C. and pH 5.06-5.07, using 
the usual Warburg manometric technique. 

Formation and separation of 2,4-dinitrophenylhydrazones (DNPH).” The acetalde 
hyde and other carbony! compounds were separated from pea tissue by steam distillation, 
converted to the DNPHs, chromatographically separated first on magnesium sulfate, 
then on powdered silicic acid, and identified by absorption spectroscopy as was done for 
apricot extracts (18, 27). 

Identification and quantitative determination of acetyl methyl carbinol and diacetyl.‘ 
The presence of acetyl carbinol (A.M.C.) and diacetyl was tested by a modification of 


"Present Address: McGill University, MacDonald College, Food Technology Divi 
sion, Montreal, Canada. 
» Hereafter in this paper 2,4-dinitrophenylhydrazone will be abbreviated DNPH. 
* Acetyl methyl carbinol or acetoin is abbreviated to AMC and diacetyl to DA in 
the text subsequently. 
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the Voges-Proskauer reaction (23,24). Acetyl methyl earbinol (A.M.C.) and diacetyl 
were determined quantitatively by a modification of the colorimetric method of White, 
et al. (26), on an aliquot of steam distillate. Because of the presence of interfering 
substances, the clear filtrate resulting after addition of trichloroacetic or metaphosphorie 
acid could not be used. A.M.C. was oxidized before its determination by the procedure 
of Stotz and Raborg (19). After cooling, 10 ml. of the oxidized mixtures were distilled 
and the diacetyl thus obtained was determined as above. When mixtures of A.M.C. and 
diacetyl were analyzed, A.M.C. was calculated as the difference between the oxidized and 
unoxidized samples. 

Separation and identification of ethanol. Interfering carbonyl compounds present in 
the steam distillate were removed (4,9) and the aleohol present was identified by the 
iodoform reaction and by the determination of the Duclaux constants of the acid ob 


1 


tained by oxidation with K.Cr.O, and concentrated H.SO, (17, 


RESULTS 


Occurrence of acetaldehyde in frozen peas. The presence of acetaldehyde in fresh 
peas, as well as in peas submitted to anaerobiosis was shown by preparing the DNPH 
of acetaldehyde present in the distillate. The reerystallized DNPH from both prepara 
tions melted at a constant temperature of 167°C." The same melting point was found 
for a preparation of the DNPH of pure acetaldehyde and for mixtures of the known 
with the unknown, 

Supplementary evidence was supplied by a comparison of the absorption speetra of 
the unknown compound with that of the known derivative. Figure 1 shows that they are 
identical. A plot of the main band obtained on chromatography of the DNPH deriva 
tives from fresh peas and of that obtained by the same procedure from peas submitted 
to anaerobiosis also gave curves similar to that of the pure acetaldehyde derivatives as 
can be seen from Figure 1. A mixed chromatograph of the known and unknown showed 
them to possess the same affinity for silicic acid since a separation of bands could not 
be observed. 

On chromatographing the DNPHs derived from the carbonyl compounds present in 
frozen peas, one major component was always observed. Its absorption spectra corre 
sponded closely to that of the acetaldehyde derivative exeept for slight differences ob 
served oceasionally which were probably due to the presence of non-volatile impurities 
in the eluting solvents. Mixed ehromatographs did not show separation. These 2 obser 
vations were taken as evidence for the presence of acetaldehyde among the carbonyl 
compounds found in frozen peas. 

Pyruvic carboxylase in peas. The pH optimum of pyruvic carly 


has been reported to vary from 5.0 to 6.8 (1 1, 25 The data shown Figure 


xVisise 


indicate that for fresh pea tissue it is close to pH 5.15. It was found th: Variation 


‘ 


of as little as 0.14 of a pH unit produced about a 150 change in 1 olution of 
carbon dioxide. 

Shelled peas retain their carboxylase activity for a fairly long period of time when 
stored at O°C. The COs production, in «al per g. dry weight of pea seeds in 100 minutes 
was 1219.4, 1210.3 and 1105.9, respectively, immediately after shelling, 
for 7 days and after storage for 10 days 

Freezing storage for a short period of time does not affeet carboxy 
Raw peas stored at IS'C, for 15 days still showed about the same rate of earbon 
dioxide production as fresh peas. When frozen peas are placed at 0 -(., several days 
after freezing, however, their ability to deearboxylate pyruvate disappears rapidly 
Kleven days at 0°C. were sufficient to reduce the carbon dioxide production from 606 
ul COs per g. dry weight in 30 minutes for fresh peas to 143.7 wl for frozen peas stored 
at 0°C. The carboxylase activity of the raw peas after 11 years of freezing storage at 

I8'C., was about half of that of freshly frozen peas. The partially blanched samples 
did not show carboxylase activity after this long storage period. 

Peas blanched at 54.5°C. for 2 minutes produced only 222.4 wl COs per g. dry weight 

in 30 minutes as compared with 853.5 wl for the raw peas, while those blanched at 60°C. 


*The values reported in the literature on the melting point of acetaldehyde DNPH 
vary from 147-169 because of isomerism (1, 2, 4, 5,6). 
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Figure 1. Absorption spectra of dinitrophenyl of pure acetaldehyde (curve 1) and 
of the acetaldehyde present in fresh pea seeds (curve 2) and of the acetaldehyde in 
peas held under anaerobic conditions. Solvent 95% ethanol. 


produced only 30 ul in that same period of time, and those blanched at 71.1°C. did not 
produce any. When the peas of this series were allowed to respire in the absence of 
oxygen, the rate of carbon dioxide production increased for the raw peas and those 
blanched at 49° and 54.5°C. A deerease was observed for the 60°C. blanch. 

An accumulation of aldehydes always occurred when partially blanched peas whose 
carboxylase activity was not completely destroyed were subjected to anaerobiosis. This 
increase in aldehyde content apparently is due to the production of acetaldehyde through 
the action of pyruvie carboxylase. The slight increase found for the peas blanched at 
71.1°C. could alse be due to the action of carboxylase present in a quantity not de 
tectable by the Warburg technique. 

Acetyl methyl carbinol and diacetyl. The bis-DNPH’s of A. M.C. and D. A. were 
prepared, recrystallized from nitrobenzene and washed with alcohol and dried at 100°C. 
Their melting points were determined and found to be identical, which was expected, 
since from their structural formulas, an identical bis DNPH should be obtained. They 
melted at about 315°C. after turning black around 300°C, This is similar to the reported 
melting point of the diacetyl bis DNPH (14). Both compounds were practically insol 


uble in ethy! aleohol. They gave a blue violet color in alkaline aleoholic solution. Their 
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absorption spectra in chloroform were identical, as can be seen from Figure 3 (curves 
1 and 2). A comparison of the spectra of the known derivatives with that of the un 
known showed only minor dise’epancies in the shorter wave lengths and therefore pro 
vided strong evidence in favor of the identity of the two compounds. This was further 
substantiated by the finding that a mixed chromatograph did not show separation into 2 
bands. 

The steam distillates from fresh peas and peas submitted to anaerobiosis when 
tested qualitatively were positive for acetyl methyl! carbinol and diacetyl. Assuming 
that little oxidation of the A.M.C. occurs during the steam distillation, it can be stated 
that both A.M.C. and D.A. are naturally present in fresh peas. Experimental results on 
peas respiring in the absence of oxygen lead to the same conclusion 

During the preparation of the bis DNPH derivatives of A.M.C. and D.A. it was 
observed that the diacetyl derivative precipitated out readily while that of A.M.C. took 
a longer time to form. In this last case, the solution always turned to a deep orange 
color before any cloudiness appeared. The purified derivatives, however, were identical 


as already mentioned. In order to obtain more complete data on these carbonyl com 
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Figure 2. Effect of pH on carboxylase activity of peas. Microliters of CO, evolved 
per gram dry weight of pea tissue in 0.125 M acetate buffer. 
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Figure 3. Absorption spectra of the bis-2-4 dinitrophenylhydrazones of acetyl methyl 
carbinol and diacetyl. 

(1) Pure bis hydrazone of diacetyl; (2) pure bis hydrazone of acetyl methyl car- 
binol; (3) bis hydrazone obtained from fresh peas; (4) bis hydrazone obtained from 
fresh peas after anaerobiosis for 6 hours. Solvent: chloroform. 


pounds, attempts were made to prepare their mono-DNPHs by adding the 2,4-dinitro 
phenylhydrazine in excess of the amounts required to form mono-derivatives from 
A.M.C. or D.A. A bright yellow precipitate could always be obtained readily with 
diacetyl. The A.M.C. preparations behaved very differently. As was the ease for the 
bis DNPH formation, the reaction mixture turned to an orange color on mixing the re 
agents and an orange precipitate came down slowly on standing. The diacetyl deriva 
tive could be reerystallized from an aleohol water mixture, melted at 175°C., and ex 
hibited a deep red color in alkaline aleoholie solution. Its absorption speetrum, shown 
in Figure 4, was typical of a mono-DNPH. In comparison, the A.M.C, derivative was 
almost insoluble in aleohol and had to be reerystallized from nitrobenzene. It gave a 
blue violet color in aleoholiec solution. Its identity with the bis-DNPH of A.M.C. was 
established by melting point determinations and spectral analysis. 

Carboligase activity in peas. As cun be seen from Table 1, peas possess a system 
capable of forming Cy carbon chains from both pyruvate and acetaldehyde but pyruvate 
is a better substrate for this synthesis. Our results in which differential analyses were 
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TABLE 1 
A. M.C. and diacetyl formation from added substrate by a pea preparation ° 


Diacetyl 


{MC A M.¢ 


Peas bought locally November 5, 1948 ug ug 
1. Fresh peas, no substrate cnediedadtie 455 20 30 
2. Fresh peas + 200 mg. pyruvate i 1,895 20 
3. Fresh peas + 200 mg. acetaldehyde. 890 320 
4. Fresh peas + 100 mg. pyruvate 4 

100 mg. acetaldehyde. elie : ; 882 107 


*Formation of D.A. and AM in 100 gm. pea slurry containing 0.1% merthiolate as 
servative incubated for 16 hours with pyruvate, acetaldehyde, or mixture of the tw 


made indicate that in all the experiments diacetyl was present in larger amounts and 
that it was the only compound formed from added pyruvate. If acetaldehyde is used as 
substrate, the total production of the C, eompounds is decreased to about half but a 
larger amount of A.M.C. is produced. Pyruvate apparently depresses the production of 
A.M.C. When both substrates are added together, the total weight being the same as 
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Figure 4. Absorption spectra of mono hydrazone of diacetyl in alcohol. 
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when they are used alone, the total amount of C, compounds does not vary greatly from 
that of acetaldehyde alone but the quantity of A.M.C. formed decreases considerably. 

When pyruvate alene was used as substrate, only about 1% of it was converted to 
diacetyl. If A.M.C. originates mostly from acetaldehyde, one could expect a larger 
amount of it when pyruvate is added since acetaldehyde should be formed by decarboxy- 
lation. The pH of the slurry should be around 6.6 and it has been demonstrated in an 
earlier section that the rate of decarboxylation of added pyruvate is quite slow at pH 
6.4. Although formed, acetaldehyde was probably not present in great enough concen- 
tration to favor A.M.C. formation. In addition, pyruvate has been found to exert an 
inhibitive action on the synthesis of A.M.C. from acetaldehyde when both substrates are 
added simultaneously. In this experiment pyruvate was always present in a much larger 
concentration than was acetaldehyde. 

Occurrence of other carbonyl compounds. Several hydrazones were found to be pres 
ent in both fresh peas and peas subjected to anaerobiosis. In order of their develop 
ment on silicie acid after preliminary separation on magnesium sulfate, these were l 
unknown 1; (2) acetaldehyde hydrazone; (3) unknown 2; (4) diacetyl hydrazone; (5) 
unknown 3; (6) unknown 4. 

Unknown 1, obtained from fresh peas before and after anaerobiosis, and in peas 
scalded at 60°C. and 71.1°C. and stored for 8 years at —18°C., gave a red color in 
alkaline solution. It showed a maximum absorption at 3750A and a minimum at 3000A, 
indicating that the parent carbonyl compound is unsaturated and that it has a general 
formula of the type X HN C—C=C (3, 16). 

Unknowns 2 and 3 were present in larger amounts in peas subjected to anaerobiosis 
for 6 hours than in peas respiring in air. The diacetyl derivative appeared between these 
2 unknowns on chromatography with silicic acid, using 80% benzene in petroleum ether 
as the eluant. The general appearance of the spectra of unknown 2 in peas before and 
after anaerobiosis suggests that they are identical compounds. Likewise, unknown 3 was 
apparently the same in both cases due to the close resemblance to both spectra and 
similar affinity for the adsorbent. The general characteristics of unknowns 2 and 3 
resemble those of diacetyl bis- DNPH. Their ability to give a blue color in alkaline 
solution suggests adicarbonyl compounds or compounds capable of producing bis 
DNPHs in which the two DNPHine molecules are in a 1,2 position. 

The blue color in alkaline solution exhibited by unknown 4 and its broad, main band 
showing a peak of 4400A again indicated a bis DNPH of the a di-keto type. 

Unknowns 2, 3 and 4 were easily soluble in aleohol which was used as the solvent 
for spectral analysis differing therefore in that respect from the diacetyl] derivative. 


TABLE 2 


Identification of the acid obtained by oxidation of the alcohol present in fresh peas 
before and after anaerobiosis for 6 hours by the ordinary Duclaux method 


After 
anaerobiosis 
for 6 hours 


Duclaux no. for 
acetic acid 


Before 


anaerobiosis 


6.72 6.80 6.8 

7.00 7.15 7a 

7.39 7.42 7.4 
TABLE 3 


Identification of the acid obtained by the oxidation of the alcohol present in fresh peas 
submitted to anaerobiosis for 6 hours and in unblanched frozen peas, 
by a modified Duclaux procedure 


Fresh peas after Unblanched frozen Duclauy 
anaerobiosis peas stored at constants fo 
for 6 hours I8°C. 11 yrs reetic acid 

15.4 15.7 15.7 
32.4 32.8 32.7 
51.1 O11 71.4 
roo 72.8 72.6 
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Identification of alcohol in peas. The acid resulting from the oxidation of the steam 
distillate free from carbonyl compound was tested first by the ordinary Duclaux pro 
cedure and then by a modification of this procedure. Tables 2 and 3 give the results 
obtained by these 2 procedures. They show that ethyl alcohol is apparently the only 


alcohol present in peas. 


SUMMARY 


Acetaldehyde was identified in the steam distillate of fresh peas, fresh 


peas subjected to anaerobiosis, and frozen peas. 
The presence of pyruvie carboxylase was demonstrated in peas. It was 


most active at pH 5.1 and and was not inhibited by freezing. Pea car 
boxyvlase was inactivated by heating peas at 60°C. for 2 minutes. 

Acetyl methyl carbinol and diacetyl were identified in the steam dis 
tillate of fresh peas, fresh peas subjected to anaerobiosis, and frozen peas 
In addition, at least 4 other carbonyl compounds were present, but these 
occurred in quantities too small to permit their identification. 

Diacetv] was shown to accumulate in presence of added pyruvate and 
but little was formed in presence of added acetaldehyde, indicating that 
diacetyl was formed preferentially from pyruvate. 

Acetyl methyl carbinol was formed largely from added acetaldehyde 
rather than added pyruvate, but in amounts considerably below those of 


diacetyl. 
Ethyl] alcohol was the only alcohol present in the steam distillate of peas 
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Undesirable changes in color and palatability often occur during the 
storage of white wines. These changes have been ascribed to oxidative stor- 
age deterioration (7). Among the constituents that have been considered 
to be involved in this browning are the naturally occurring phenolic sub 
stances usually considered to be ‘‘tannins.’’ Johnson, Foreman, and Mayer 
(3) have reported the occurrence of at least two or more types of poly 
phenolie substances extracted from various fruits. One type is character 
ized by an absorption maximum at 280 my, the other at 822-324 mp 
Williams and Wender (5) have reported the presence of quercetin and iso 
quercitrin in Tokay, Emperor, and Thompson Seedless grapes. To obtain 
some indication of the types of compounds that might be present in white 
wines and to determine the relation of ‘‘tannin’’ content to susceptibility 
to darkening a number of wines made from several varieties of white wine 
grapes at several stages of maturity were examined spectroscopically. 


MATERIALS AND METHODS 


Approximately 50-pound lots of grapes were crushed in a small standard paddle- and 


screen-type crusher equipped with stem separator and pressed immediately after crush 


TABLE 1 
Optical density range of all wines in the 5 groups 


Sample 1 ‘ ‘ ! ma 


Aligote 4 50.227 0.178 0.196 97-0,.201 72-0,153 
4 ) 0.149-0,.155 ) 0.100 0.083 
0.160 


Emerald Riesling 
White Riesling 229 | 0.182-0.218 0.210 


Pinot blane q ~05 fo Ye ) 0.240 206-0.317 0.238 


Palomine 3 70.191 0.079-0.119 1580.09] 
Red Veltliner 3 ; $0,193 76-0.101 


» 0.096 


Museat Canelli 3 9-0,172 53-0.169 0.720-0,139 O.105 
Sauvignon blane WO.212 O.092-0,110 730.089 


Burger 

Chardonnay 0.123 
Chenin blane 3 36 ) 16 0.161 ; 
Folle blanehe yA 113 250.144 O.0638-0.073 046 
French Colombard 3 OLTS0 ) i6-O.183 0.0906 ago 
Gewurz Traminer 3 0.160 30,186 O79. 0.004 061 
Sauvignon vert 3 0.159 0.167 0.068 050 
0.180 0.184 ( O00] O66 


O.1S6 O.195 0.110 O64 


0006 oo 


Semillon 
Sylvaner 
Thompson Seedless 3 0.136 0.136 14-0.062 048 
Tokay ‘ 0.137 0.133 20.064 0039-0 


rag 
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The juice was collected in glass containers, 100 p.p.m. of sulfur dioxide added, and 


ing. 
racked from the 


the juice allowed to stand until the following morning when it was 
A 1% culture of Montrachet strain yeast was added and the juice allowed to 


gross lees, 
was then racked into bottles, 


ferment to dryness at approximately 14.4 C. The wine 
corked, and allowed to stand at 12.8°C. for one month when it was again racked. Two 
months after completion of the fermentation each lot was filtered through diatomaceous 
earth and then analyzed. 

All of the wines were diluted 50 times with water for the ultra-violet absorption de 
DU quartz spectrophotometer, using a hydrogen 


terminations on the Beekman Model 
The Loewenthal titration 


discharge lamp as the light source and 10 mm. quartz cuvettes 


(4) was used in the tannin determination. 


RESULTS AND DISCUSSION 


The UV absorption spectra of the wines made from the 19 varieties of 
Vilis vinifera white wine grapes fell into one of 5 type groups, shown in 
Kigures 1-5 and summarized in Table 1. In general absorption maximums 


1 
occurred in the regions of 260-265 and 515-325 mp. While the curves are in 
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Figure 1. Absorption spectra of group 1 wines. 1. High maturity White Riesling. 
2. High maturity White Riesling. 3. Low maturity White Riesling and 4. Low maturity 
White Riesling. 
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Intermediate maturity Pinot 
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Figure 2. Absorption spectra of group 2 wines. 1. 
blanc. 2. Low maturity Pinot blanc and 3. High maturity Pinot blanc. 
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Figure 3. Absorption spectra of group 3 wines. 1. Low maturity Palomino. 
termediate maturity Palomino and 3. High maturity Palomino. 
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general similar to those obtained by Johnson, Foreman, and Mayer (3) 
they represent the absorption of possible phic nolic substances modified by 
the presence of other constituents of the wine. Wines in group 1 definitely 
show effect of maturity. The wines from grapes harvested early at a lower 
Balling have a minima at 260-265, a maxima at 275-280 and a marked 
maxima at 320-321 mp. while the wines made from grapes harvested later at 
a higher °Balling have a maxima at 265-270 and slight or no maxima at 
320 mp. Group 2 wines also show a maturity effect with those of lowest and 
highest maturity having a sharp minima at 261-262 and an equally sharp 
maxima at 323-324 mp with the wine of intermediate maturity having a 
slight maxima at 260-280 and at 320 mp. Group 3 wines have a maxima at 


2965-267 mu only. Group 4 wines have a maxima at 255 or 263-265 and at 
i : | 


315-320 mp. Group 5 wines have maxima at 265 and may or may not have 
maxima at 320 mp. It is possible that catechins, anthocyanins, and chloro- 
genic acid constituents occur in white wine, but investigation of the types 


of phenolic substances present was not made at this time 
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Figure 4. Absorption spectra of group 4 wines. 1. High maturity Sauvignon blanc. 
2. High maturity Sauvignon blanc and 3. Low maturity Sauvignon blanc. 
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Figure 5. Absorption spectra of group 5 wines. 1. Low maturity Thompson Seed 
less. 2. Low maturity Tokay and 3. High maturity Sylvaner. 


A relationship was found between the tannin content of the wine and 
the optical density at three wavelengths. The coefficient of correlation was 
+-O.84 with the optical density at 265 mp, +-0.79 at 280 mp and +-0.63 at 
320 mp. The relationship at 265 mp is shown in Figure 6. That the best 
correlation was obtained with the optical density at 265 mu instead of 280 
as found by Johnson, Foreman, and Mayer (3) was probably due to differ- 
ences in varietal behavior, differences in method of tannin analysis, or to a 
shift caused by previous lead precipitation of the phenolic substances. 

Heating the wines under specified conditions (2) affects the UV absorp- 
tion and the color. The absorption as shown in Figure 7 is increased at 
240-297 mp and may be increased, decreased, or remain approximately the 
same at 298-340 mp. The amount of the change in absorption varies con- 
siderably, with the greatest changes usually occurring in the regions of 265 
and 320 mp. All the wines when heated darken, with the degree of darken- 
ing varying greatly. In general the UV absorption of the unheated wines 
is closely related to the degree of darkening exhibited by the heated wines. 
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Figure 6. The relationship between UV absorption at 265 mu and the amount of 
tannin as determined by the Loewenthal titration. 





If the wines are considered within their respective groups usually the 
greater the optical density at 265 mp the greater the browning on heating. 
Marked absorption in the region of 265 mp enhances the browning effect as 


does minimum absorption at 320-325 mp, while wines showing a marked 


absorption at 520-525 usually are resistant to darkening even when the 


optical density at 265 my is high or the absorption at that wavelength is 
marked, Without exception all the wines having an optical density of 0.14 
or less at 265 mp were resistant to darkening. The resistance to darkening 


f the wines exceeding 0.14 was directly dependent upon the rela 


» Ol 


of 83° 


tive absorptions at 260-265 and 315-525 my 


SUMMARY 
The wines made from 19 varieties of Vitis vinifera white grapes were 
found to give 5 types of UV absorption curves which showed either maxima 
or minima in the region of 260-280 mp with often another maxima in the 
region of 315-825 mp. A significant relationship was found between the 
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Figure 7. Absorption spectra of heated (broken lines) and unheated (solid lines) 
wines. 1, Thompson Seedless. 2. Red Veltliner and 3. Aligote. 








amount of phenolic substances as determined by the Loewenthal titration 

and the UV absorption at 265 my of these substances. Heating the wines 

caused an increase in the UV absorption in the region 240-297 mp and an 

increase, decrease or practically no change in the region 298-340 mp. A 

relationship was found between the relative UV absorption at 260-265 and 

315-825 mp and the susceptibility of the wines to browning. 
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Although the relative tendency of wines made from certain varieties of 
grapes to oxidative browning has been observed industrially (2) few if any 
controlled experiments designed to determine this have been made (4). In 
order to determine whether or not a correlation could be established be 
tween the grape variety and the darkening in color of the resultant wine, a 
number of wines from several varieties were made during the 1950 and 1951 
vintages and subjected to an accelerated storage test 


MATERIALS AND METHODS 


The wines were made as described previously, Berg (3 A total of 106 wines wer: 
made from 19 varieties of white grapes. These included most of the varieties commonly 
used in the production of white table wines in California. In 1950 wines were made 
only from grapes grown at Davis, whereas in 1951 grapes grown at both Davis and in the 
Napa Valley were used. Grapes were selected from the two localities in 1951 to deter 
mine if region exerted an influence on varietal behavior as evidenced by change of eolor 
of the resultant wines. The principal climatic difference between the 2 regions is the 
average temperature during the growing season——Davis having an average of 3600 and 
Napa 2400 degree days of temperature (summation of average degrees above 50°F. for 
each day during the growing season From one to 4 lots of wine were made from each 
variety in both 1950 and 1951 

The optical density of the filtered wines at a wavelength of 425 mu was determined 
using a 20 ml. deep cuvette in a Coleman Model No. 11 spectrophotometer. Two hundred 
ml, of each wine was pipetted into standard fifth gallon (775 ml.) wine bottles whiel 
were tightly corked and stored at 48.9°C. for 7 days. The headspace provided approx 
mately 600 ml. of oxygen per liter of wine, greatly in exeess of that which the wine 
would absorb and fix (4 At the end of this heating period the wines were removed 
from the hot room, cooled to room temperature, filtered when necessary and the optics! 
density at 425 my again determined. 

That the browning ineurred by the wines under the conditions of the accelerated 
storage test is related to the rate of browning occurring under usual storage conditions 
is partly confirmed by 2 experiments designed to determine the effeet of various temper 
atures and amounts of available oxygen on the browning rate. In one it was found that 
with 3 varietal wines, sealed in bottles containing 600 ml. atmospheric oxyg per liter 
of wine, the rate of darkening at 48.9°C. was respeetively 17.8, 21.0, and 21.7 times 
that of the same wines with 7 ml. available oxygen per liter stored at 12.8 °¢ In the 
second experiment the rate of darkening was found to be proportional to the headspace 
With 600, 12 and 7 mi. available oxygen per liter of wine the time required at 48 


for the optical density to increase 0.150 was respectively 8, 18.0, and 


The upper limit of commercial acceptability for white table wines 
examination to be at an optical density of 0.330 at 425 mua. This limit 
determined by initial pigment conter rf wine and the inerease it 
nyginyg 
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methods gis in ‘ etion ! ne t A.OLASA 


and after 
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TABLE 1 
Varietal order of susceptibility to browning 


Optical Density Optical Density % 
No. of Before Heating After Heating Exces 
Samples sively 
Max Min. Ave 8.D.* Max Min Ave $.D.4 Dark* 


Variety 


Pinot blane 0.427 0.218 0292 0.085 0653 0337 0460 0.136 100.0 
Palomino 5 0.365 0.168 0.236 0.073 0.541 0.272 0400 0.097 
Emerald Riesling... f 0.321 0.188 0.253 0.064 0.787 0.280 0.438 0.186 
Sylvaner 322 0.152 0.22 0.056 0.563 0.217 363 0.116 
Chardonnay 336 O.181 0.2% 0.061, 0.600 247 360) 0.113 
Semillon... 1.219 0.117 5) «0.037 0.523 194 352 0.114 
White Riesling 375 0.161 26 0.059 0.563 f 0.378 0.123 
Tokay 0.165 16 003 0.697 460 0.338 
Folle blanche 0.207 ‘ 131) 0.398 342 0.080 
Red Veltliner 0.15 .196 041 0.457 22 328 0.096 
Sauvignon blanc 0.14 ¢ 037 0.456 mE 341 0.096 
0.13 9¢ 069 0.651 oe Tote] 0.185 
OL: 7 043 0.068 94 329 0.148 
0.16 ¢ 051\ 0.477 207 s05 0.109 
0 : 0.052 0.538 21 0.124 
Thompson Seedless 0.012 0.375 20 0.081 
Muscat Canelli 265 f % 0.043 0.365 204 0.056 
0.029 0.371 224 0.053 
0.010 0.330 3° 325 0.007 


te ¢ 


i 


Sauvignon vert 
French Colombard 
Aligote... 


Chenin blanc 


a> x 


Gewurz Traminer 


Gray Riesling 


“Standard deviation 
» Percent of samples exceeding 0.330 optical density after heating 


order of susceptibility to browning. As shown in column 11, Pinot blane 
was most susceptible to browning and Grey Riesling least. There was con- 
siderable variation between samples, particularly noticeable in Tokay, Em- 
erald Riesling and Sauvignon vert wines. It is interesting to note that in 


general the varieties considered superior for winemaking were less resistant 


to browning. 
Table 2 shows the effect of region and season on the susceptibility of the 


TABLE 2 
Effect of region and season on varietal susceptibility to browning 


Percent of samples exceeding 0.330 optic: 
Variety density after heating 


Davis 1950 Davis 1951 Na 


Pimot DIARC....<:0.s<cceeses See 100.0 (1) 100.0 (2) 100. 
Palomino - iedesisaeiecnitinmieitie 100.0 (3) 50.0 (2) 100. 
Emerald Riesling sepasauenene 100.0 (2) 50.0 (2) 100. 
Sylvaner... oe iuokpssisheebiesaniee 75.0 (4) 100.0 (1) 33.3 
Chardonnay 66.6 (3) 50.0 (2) 50. 
Semillon.............. oo (3) oO, 2) 

ET No oacencatapasinnaseworel 5.0 (4) ‘ 

Tokay ( 
Folle blanche 

Red Veltliner, 

Sauvignon blane 

Sauvignon vert 

French Colombard 

Aligote.. 

Chenin blane.. 

Thompson Seedless.. 

Museat Canelli 

Giewurz Traminer.. 

Gray Riesling 


Note: Numbers in parentheses refer to numbers of wines in the grouy 





a 





VARIETAL SUSCEPTIBILITY OF WHITE WINES TO BROWNING 409 


various varieties to browning. The response of the individual varieties is 
not consistent, though there is less tendency to browning of the wines from 
the Napa grapes. 

Since variety of grape from which made has been shown to have a de- 
cided effect on the susceptibility of a wine to browning, it was felt that the 
pH, total acidity and tannin content of the must, which, in the same ma- 
turity range is largely a varietal characteristic, might be correlated directly 
with browning. To test this theory the pH, total acidity and tannin con- 
tent of the musts of the 3 groups of wines were correlated with the optical 
densities of the resultant unheated wines and with the increase in optical 
density after heating (Table 3). With the unheated wine a correlation at 


TABLE 3 


Correlation of certain constituents of the must with the optical density of the 
unheated wines and with the increase in optical density on heating 


Increase on 


—— Unheated 
. Mu ; Maximum Minimum Average Heatir 
pa r* ya 
Davis Must 950° 
Total Acid - 1.57 0.41 0.77 —0.317 0.05 0,113 0.50 
pH sain 3.82 3.06 3.48 0.339 0.05 0.432 0.0) 
Davis Must o5if 
Total Acid, a 1.41 0.41 0.81 0.288 0.10 0.203 0.20 
a -" 3.75 3.09 3.49 O.388 0.05 0.205 0.30 
Tannin..... 0.047 0.004 0.025 0.265 0.20 0.355 0.05 
Napa Musts 1951 # 
Total Acid.. siti 1.27 0.43 0.74 0.015 0.50 0.228 0.30 
ee ; 3.68 286 3.29 0.049 0.50 | —0.112 0.50 
Tannin 0.056 0.010 0.027 0.736 0.01 0,633 0.01 


© Coefticient of correlation 

4 Percent probability level—-obtained from Youden's Statistical Methods for Chemists, p. 11% 
© 41 samples 

34 samples 

—31 samples 


the 5% level, or better, of significance was obtained with total acidity and 
pH in the 1950 Davis series, with pH only in the 1951 Davis series, and with 
tannin only in the 1951 Napa series. With the heated wines a correlation at 
the 5%, or better, level of significance was obtained with pH in the 1950 
Davis series, with tannin in the 1951 Davis series, and with tannin in the 
1951 Napa series. However, it is noted that one series gives a positive cor 
relation with tannin and the other a negative. 

As fermentation usually results in significant changes in the pI, total 
acidity and tannin content it was felt that the pH, total acidity and tannin 
content of the wines should be correlated with browning. Table 4 gives 
the correlation of these factors with the increase in optical density of the 
heated wines. With the 1950 Davis wines a correlation at the 5%, or better, 
level of significance was obtained with the pH, in the 1951 Davis series with 
both the pH and total acidity, and in the 1951 Napa series with the tannin 

Consistent correlation of the pHI, total acidity or tannin content of 
either the must or wine with the optical density of the wines was not ob 
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TABLE 4 


Correlation of certain constituents of the wine with the increase 
in optical density of the heated wines 


Siete Maximum Minimum Average re pa 
Davis Wines—1950° 
Total Acid....... 1.31 0.38 0.69 —0.151 0.40 
-___ Snoe diets 4.15 2.96 3.51 0.464 0.01 
ait ctsnaiainmsccien 0.029 0.014 0.021 0.213 0.20 
Davis Wines—1951°* 
| ee | 1.16 0.36 0.66 0.470 0.01 
| SEE ian 4.08 3.01 3.50 0.462 0.01 
Tannin......... 0.042 0.011 0.020 —0.289 0.10 
Napa Wines—-1951* 
Total Acid.. ae 1.26 0.47 0.74 0.286 0.20 
| iedaaes : 3.65 2.72 3.20 —0.111 0.50 
i ae oe 0.051 0.001 0.017 0.607 0.01 





tained. This is not surprising, however, in view of the facet that quite often 
2 wines, each made from the same variety of grape from the same vineyard 
in the same year and of approximately the same gross chemical composition, 
will differ appreciably in their susceptibility to darkening. This difference 
is usually reflected in the UV absorption spectra, Berg (3), of the two 
wines, though this does not always account for the variation. Thus we are 
forced to conclude that a number of factors, some known and some probably 
still unknown, are influencing browning. Some of these factors are without 
question directly related to variety, though probably modified by seasonal 
and regional effects. 
SUMMARY 
The variety of grape is related to the susceptibility of its wines to 
browning. Nineteen varieties of white wine grapes have been classified in 
the order of increasing resistance of their wines to browning. This order, 
which is based on a limited number of samples, is tentative and is subject 
to modification when additional data are obtained. Seasonal variations and 
region where grown have an effect on a given variety¢s susceptibility to 
browning. The pH, total acidity and tannin content of the must do not con- 
sistently correlate with susceptibility of the resultant wines to browning. 
The pH, total acidity and tannin content of the wines do not consistently 
correlate with their susceptibility to browning. 
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It is well known that the greater the concentration of spores in a me 
dium, the greater their heat resistance; thus, either more heat or a longer 
process time is required to complete sterilization. The causes for this are 
not sufficiently explained. Rahn (20) deseribed the fact from the stand- 
point of logarithmic order of death of bacterial spores by moist heat. 
Nevertheless, discrepancies from the logarithmic order of death are fre- 
quently observed. Bullei (8) found that the time required for killing 
Staphylococcus aureus increased with an increase in the number of cells, 
and he coneluded that the time relationships were due to variations in the 
resistance of cells. Amaha and Sakaguchi (/) investigated in detail the 
survival times of the various spore concentrations of aerobie bacilli in 
neutral phosphate buffer, and have found that the relationships between 
the survival time and the spore concentration can be shown in the follow- 
ing general equation: 

log t—=-a+b-log N (1) 
where N is the spore number per ml., t is the survival time in minutes, and 
a and b are the variables depending on strain, temperature, and nature of 
suspending medium. It was confirmed that the time relationship ean not 
be attributed to variations in resistance of individual spores. 

It was the objective of the investigation reported here to examine 
whether or not the same relationships as shown in equation (1) can be 
obtained for the anaerobie spores, using Cameron’s organism P.A. 3679 
Clostridium sporogenes, ATCC 7955) as the test organism. 

Townsend, Esty, and Baselt (29) and recemly Stumbo (23), Stumbo, 
Murphy, and Cochran (24), Reed, Botrer, aid Cameron (21), Desrosier 
and Esselen (13), and Reynolds, Kaplan, Srciecer, and Lichtenstein (22), 

» 


have investigated the heat resistance of P.A. 3679 spores. As Stumbo 


reports in his paper (25), varied heat resistance values are obtained by the 


investigators, probably because of the varied spore concentrations used 
by each investigator. 

The results of this experiment are believed to serve, to some extent, to 
standardize the heat resistance values of P. A. 3679 spores to be employed 
for evaluating thermal process of low-acid canned foods. 


EXPERIMENTAL METHODS 


Preparation of spore suspensions. A liver broth prepared in the following way was 
employed for production of spores of P.A. 3679. The chopped beef liver was added to 
the nutrient broth of pH 7.0 in the amount of 330 g. of liver per liter of broth. The 
mixture was brought to boiling temperature and allowed to boil slowly for one hour. 
The boiled material was filtered through filter paper until the broth was brought up to 
1000 ml. To the broth there was added 2 g. of glucose and one g. of di-potassium phos 
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phate, to adjust it to approximately pH 7.2. Tubing. One-half inch of the previously 
boiled ground beef liver was introduced into each tube and the broth added. The tubes 
were autoclaved for thirty minutes at fifteen pounds’ steam pressure. The final 
pH after sterilization was about 7.0. The tubes of medium prepared as described 
above were inoculated with 0.5 ml. of the stock culture of the test organism. The 
inoculated tubes of media were then heated for 15 minutes in a boiling water bath, 
to exhaust entrapped air, and subsequently incubated at 30°C. for a period of 30 days 
The resulting culture was strained aseptically through a gauze pad to remove liver 
particles, and then centrifuged. The supernatant broth was decanted off and the residual 
spore crop suspended again in sterile phosphate buffer of pH 7.0. The suspension was 
recentrifuged to wash and again the supernatant decanted off and suspended in the 
phosphate buffer. Then the spore suspension was filtered through a filter paper (No. 2 
paper, Tohyo- Roshi Co.) to remove spore clumps. The filtrates (spore suspensions) were 
then heated for 5 minutes in boiling water to kill the vegetative cells and stored in a 
refrigerator at 3° ~4°C. Spore concentration was determined by haemocytometer 


(Thoma). 

All experiments in this paper were performed by use of a stock spore suspension 
which contained 13.2 million spores per ml. and 8.0 million (heat-killed) vegetative cells 
per ml. It was confirmed that no appreciable variations in heat resistance occurred 


during the storage for 60 days in the case of P.A. 3679. 

Determination of heat resistance. [or the thermal death time determinations an 
aliquot of the stock spore suspension was diluted with sterile neutral M/15 phosphate 
buffer to give a definite concentration of spores per ml. One ml. of the suspension 
pipetted into each of the thermal death time tubes; these were of hard glass, 8 mm. in 
outside diameter, 7 mm. in inside diameter, and about 70 mm, in length. The tubes 
were then sealed with an oxygen flame, and sets of 20 to 30 tubes were placed in a 
basket, made of copper screening, for the heat treatment. The basket was completely 
immersed in a constant temperature oil bath (+0.15°C.) equipped with a power stirrer. 

A correlation of 3.5 minutes was allowed for the lag period for the contents of the 
tubes to reach the temperature of the heating bath. At intervals of either 3 or 5 min 
utes, the baskets were opened and tubes in groups of 4 were removed from the bath and 
immediately immersed in an ice water bath. The cooled tubes were wiped clean, flamed, 
and opened and the tube contents were then aseptically transferred to a freshly ex 
hausted tube of liver broth. The broth was then covered with thioglycolate agar and the 
tubes were incubated at 30°C. Growth was evidenced by the gas production and the 
characteristic odor. 


RESULTS 


Effects of anaerobic maintenance of subculture. The delaved germination or dor 
mancy has been observed by many workers in the case of heated spores of Clostridium 
botulinum (9, 14,17). Experiments, therefore, were conducted to investigate the prob 
lem with P.A. 3679 spores as well as to establish the length of subcultural period for 
the thermal-death- time determination. 

The spore suspensions with a concentration of one million spores per ml. were pre 
pared and the suspensions were heated at the temperature of 110°C. for various length 
of time, then subeultured in the following three liver broth media, differing in the 
methods of maintaining anaerobic condition, (a) liver broth without any stratification, 
(b) liver broth stratified with non-nutrient agar, (c) liver broth stratified with thiogly 
colate agar. 

During a period of 60 days at 30°C., growth occurrence of each tube was observed 
daily (Table 1). The observation was continued until 90 days elapsed. But no growth 
occurred after 30 days of ineubation. 

The results, as presented in Table 1, indicate that the survival times of P.A. 3679 
spores are markedly influenced by the methods of maintaining anaerobie conditions of 
the same broth. The liver broth stratified with thioglycolate agar gave the maximum 
survival time, 85 minutes at 110°C., while the other two broths gave the smaller survival 
times—that is, the liver broth stratified with non-nutrient agar 65 minutes, and the liver 
broth non-stratified 60 minutes at 110°C., respectively. 

These results seem to show that the germination of the heated spores of P.A. 3679 
is delayed considerably, corresponding to the length of the time heated, and that when 
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TABLE 1 
Recovery of the heated spores of P. A. 3679 during the subculture by liver-broth with 
and without stratified agar to maintain anaerobiosis 
(Spores suspended in neutral phosphate buffer with a spore concentration 
of 1 < 10°/mlL, and heated at 110°C.) 


Growth during the subcultt 


¢ 1 14 
days days days 


Liver-broth 
without 
stratification 


Liver-broth 
stratified with 
non-nutrient 

agar‘ 


Liver broth 
stratified with 
thioglyeolate 


agar 


*Number of positi t our tubes used for each heating interva 


>Stratified with 
© Stratified with 2.8% «¢ containing 


( ( sodium-thioglycolate 


the anaerobic conditions of the subculture media are not properly maintained the heat 


injured spores fail to recover. 
Evans (12) have found that the heated spores of Bacillus are much 
Amaha (2, 4) 


uences on the 


Curran and 
more exacting in their nutritive requirements than the unheated spores. 


has found also that the composition of recovery medium has marked intl 
giving the larger survival times when the 


survival times of the spores of Bacillus natto, 
ire added to the recovery medium. The results obtained here 


more suitable nutrients : 
values of heat resistance of 


apparently indicate that in order to obtain the definite 
bacterial spores the conditions of subculture must be preperly maintained with all fae 
tors—chemical and physical suitable for the organism. 


From the above results, in all experiments thereafter, the spore suspensions were 
subcultured by means of the liver broth stratified with thioglycollate agar and the 


30°C, 


sur 


vival times were determined after 30 days’ incubation at 


Effects of spore concentration. The stock spore suspension which contains 13.2 mil 


lion spores per ml). was diluted with neutral phosphate buffer so as to contain one 


million spores per ml. Aliquots of the spore suspension thus obtained were diluted to 
the one-tenth concentration of the original 
taining 1 X 10°, 1 X 10°, 1 K 10*, 1 & 10°, 1 & 10%, and 1 X 10’ spores per ml. were 
The spore suspensions were heated at the four temperatures, 105°C., 110°C., 
120°C,, and the survival times of each spore concentration determined, The 
table show the 


In this manner, the spore suspensions con 


prepared, 
115 (., and 
results are presented in Table 2. The figures in the brackets in the 


thermal death times. It is shown that the greater the initial spore concentration (spore 
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TABLE 2 


Relationships between spore concentration and survival time, and the temperature 
coefficients (Qs-c.) of death of P. A. 3679 spores, in neutral phosphate buffer 


Survival time, at Qs°e 


Spore number 





mines 105°C. | tore. | 115°C. | 120°C. | TtorG. | 1is°G. | 120°C. 
iti i min wien | minutea minutes minutes 
1 XM 10*.......crerccserersvessereses| 220(240)*| 85(90)*| 35(38)*| 15(17)*| 2.588 | 2.498 | 2.333 
1 X 72(75) 30(33) 2.400 
1 X 150(160) | 60(65) 25 (27) 11(13) 2.500 2.400 2.272 
1 X 48(52) 
I 100(110) | 40(45) 17(19) 8(10) 2.500 2.353 2.125 
Be i sissrcnsccepivernrsesiiocers 33 (35) Pinieaiiess aalinas 6 


2.500 — 2.441 — 2.386 
4 Figures in brackets show the death times 


* Values calculated by equation (4) in the text, assuming the Qs°c. value between 105° and 
110°C. to be 2.500. 


number per ml.) the longer is the survival times, throughout a wide range of spore 
concentration from 1 X 10’ to 1 X 10° spores per ml. 

Now, as is likely the case with aerobic bacilli (1), by plotting the logarithms of the 
survival times (t) against the logarithms of the spore concentration (N), linear curves 
are obtained for each of the 4 heating temperatures (Figure 1). 

Therefore, it was verified that in the case of P.A. 3679 spores the relationships be 
tween spore concentration (N) and survival time (t) could be also expressed by the 
following formula: 

log t a+b-:log N (1) 


For the heating temperature of 105°C. and 110°C., the relationships can be shown 





respectively as follows: 
at 105°C., log t 1.434 + 0.084 + log N 


at 110°C., log t 1.831 + 0.084 - log N 


LOGARITHMS OF SPORE NUMBER PER ML. ( log N ) 


i se | | 
0.8 I.c I.2 I.u I.6 1.8 2.0 2.2 2.k 
LOGARITHMS OF SURVIVAL TIME ( log t ) 
Figure 1. Relationships between spore concentration (N spores per ml.) and sur- 
vival time (t minutes) of P. A. 3679 spores in neutral phosphate buffer. 
(The broken line at 120°C. shows the corrected curve by additional reduction of one 
minute which was required to reach this temperature.) 
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Thus, by use of these equations, we can caleulate approximately the survival times of 
iny desired spore concentrations at each heating temperature 

The broken line of 120°C, in Figure 1 shows the corrected curve by additional re 
duction of one minute for temperature rising in the tubes, If the correction for 120°C 
was accepted, it can be stated that the 4 ‘‘log N ~ logt’’ curves for the 4 heating 
temperatures, 105°, 110°, 115°, and 120°C., are approximately parallel to each other 
Consequently, in general equation (1), the variable b (which represents the slope of log 
N ~ log t curve) does not change with temperature, and only the variable a varies with 
temperatures, 

Temperature coefficients and activation energy of death reaction. In the right half 
of Table 2, the values of temperature cot flicient Qhe« of death of VP.A. 3679 spores 
were prese nted for each of the various spore concentrations 

The values were caleulated by the following relations 

Kr, ti 
Qe 


t 
where, Kr, kr.s, and tr, ta represent the death rate constant and the survival time at 
the absolute temperatures T and T+ 5 respectively 

Comparing the values of Que, it ean be seen that the values of Qsec of the various 
spore concentrations approximately coincide with each other in each of the 3 tempera 
ture ranges. However, the values of Que of a spore concentration decrease gradually 
with the rising of the temperature range 

This fact is not exceptional, because, as Rahn (27) pointed out theoretically, the 
temperature coefficients of a chemical reaction are not constant but gradually decrease 
with rising temperature. For the sake of comparison, the theoretical changes of the 
values of Qs-c were also present at the bottom in Table 2, assuming the Qsee value 
between 105°C. and 110°C, to be 2.500, The results of these analyses, suggest that the 
death of spores by moist heat proceeds following some rule of physico chemical nature 

Now, in the same manner as Chick and Martin (77) described in their paper on the 
heat-coagulation of proteins, the activation energy (E) of death reaction of the spores 
can be evaluated by use of the Arrhenius equation; 

dink E 
dT aT 


Integrating from T, to T:, and converting to common logarithms, equation (2) gives 


(2) 


us the form: 


RTT; ke 9 RTT. ks 
—— } 4.58 ———1 


n og (3) 
r,.7 h r:.T; ky 
where, k, and k. are the death rate constant at absolute temperatur’s T, and T, respec 
tively, and R is the gas constant ( 2.0 ealories 
If T.T; 5, T:T T(T+ 5) and ke/k Q:c , this equation may then be written 


R (T +5) 
4.58 log Qse« (4) 
Adopting the Qseer values of 1 ¥ 10 spore coneentration for the ealeulation, the 
following values of FE are obtained 
hetween 105° and 110°C.: Q 2.0 E 53,030 ealories, 
between 110° and 115°C.: Qu 2.40 E 52.010 calories 
The magnitude of the activation energy as obtained above, supports the theory that the 
death reaction of spores by heat is the denaturation of a protein molecule in the cells as 
it is discussed in the previous papers (3, 

Thermal-death-time curves for P. A. 3679 spores. By the thermal-death-time data 
presented in Table 2, the thermal death-time eurves for each of the 3 different spore 
concentrations were constructed Figure 

In this ease, both the logarithms of survival times and the logarithms of death 
times were plotted against temperature, and the thermal death-time eurve was drawn so 
as to fall above all survival points and below as many death points as possible 

As shown in Figure 2, the 3 thermal death time eurves for the spore concentration 
of 1 X 10° per ml., 1 ¥ 10% per ml., and 1 & 10° per mil., were parallel to each other, s 
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24 + Ix 10° spores/ml.---(F= 12.03) 
Ix 104 spores/ml.---(F= 8.69) 

2.2 fF 1x 10° spores/ml.---(F= 5.79) 
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Figure 2. Thermal-death-time curves for P. A. 3679 spores in neutral phosphate buffer. 


that z values (the slope of the thermal-death-time curve) were equal to 23°F. for the 3 
spore concentrations. However, F values, which represent the number of swinutes re 
quired to destroy the organism at 250°F., varied markedly with the spore concentrations. 
From Figure 2, the following F values were obtained for each of the 3 different spore 
concentrations; F 12.03 for 1X 10° spores per ml, F = 8.69 for 1 X 10* spores per 
ml., and F == 5.79 for 1 X 10° spores per ml. 

Then, by plotting the logarithms of F values against the logarithms of spore con 
centrations, apparently a straight line could be obtained as shown in Figure 3. 

Therefore, the relationship between spore concentrations (N spores per ml.) and 
F values of P.A. 3679 ean be also expressed by a linear equation as follows: 

log F 0.6 + 0.082 - log N 

This equation gives the F values for every desired spore concentration, when the spores 
of P.A, 3679 were suspended and heated in neutral phosphate buffer and subeultured by 
thioglyeolate agar stratified liver broth. 


DISCUSSION 
Thermal-death-time data reported here for P.A. 3679 spores have shown 
that the relationships between spore concentration (N) and survival time 
(t) can be shown in the following linear equation : 
log t—-a+b-logN (1) 
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log F = 0.6 + 0.082-log N 
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Figure 3. Relationships between spore concentration (N spores per ml.) and F 
values of P. A. 3679 in neutral phosphate buffer. 


Although the data were obtained in the neutral phosphate buffer, these 
general relationships will probably be substantiated in the food materials, 
since it has been confirmed in the previous paper (1) that when the spores 
of Bacillus natto were suspended and heated in neutral nutrient broth the 
relationships between spore concentration and survival time could also be 


expressed linearly by the general equation (1). 

The fundamental cause of the linear relationships above cannot be 
explained as yet. However, it should be pointed out that the similar 
relationships have been found in the disinfection. In 1908, Watson (30), 
using the data by Chick (10), showed that the relation of the death rate 
to the concentration of the disinfectant was best expressed by the follow- 
ing equation: 

(C" —t,—a constant (A) 
Taking the logarithms of both sides, this equation becomes: 


log t, log A—n-log C 


where © is the concentration of the disinfectant, n is the eoncentration 
exponent, and t, is the killing time. 

The equation (6) represents the linear relation between log t, and log 
(, and many workers (5, 16, 28) have confirmed the fact that plotting the 
logarithms of killing time against the logarithms of the disinfectant results 
in nearly a straight line 

Since ( (concentration of disinfectants) can be considered as a rela- 
tive value to spore number per ml. (N), it can be emphasized here that 
equation (1) and equation (6) are quite similar 
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In the general equation (1) the values of the variable b did not change 
with temperatures and the vaiues of the variable a only changed with 
temperatures. Hence, the equations for the 2 different temperatures, T, 
and T,, may be written in the following equations: 


at heating temperature T,; log t,—=a,+b-log N 

at heating temperature T,; logt,==a,+b-logN  (T,>T,) 
where t, and t, are the survival times at temperatures T, and T, respee- 
tively. Therefore, 


log t, — log t,—=a, —a. (7) 
and so, 
me 1 P 
temperature coefficient Qyr.-7, 1044 (8) 


The former relation (7) represents the slope of the thermal-death-time 
curve at the range of temperature between T, and T., and the latter 
relation (8) shows a connection between temperature coefficient and the 
variable a of the equation (1). 

Since the temperature coefficient of a chemical reaction decreases with 
rising temperature |Rahn (20)| and, in fact, Q,-¢ values have decreased 
with increasing temperature as described in Table 2, it is obvious from the 
relations (7) and (8) that the value a,—a,, i.e., the value of slope of the 
thermal-death-time curve, also decreases gradually with rising temperature. 

From the discussion above, it must be noted that the thermal-death-time 
curves are not exactly straight lines, but very slightly concave downward. 

Though the curves can be safely assumed to be straight in the narrow 
range of temperatures now employed in commercial processes of foods, if 
the resistance values of an organism at higher temperatures were deter- 
mined by extrapolation of the thermal-death-time curve of lower tempera- 
ture ranges, the values obtained would become somewhat smaller than the 
real resistance values. 

In the older methods of evaluation of thermal process (6, 7, 18), the 
F value of the maximum spore concentration was employed directly for 
every food material. For instance, for spores of Clostridium botulinum, 
the value F’ 2.45, which was obtained by Esty and Meyer (15) for sus- 
pensions containing sixty billions of spores, is customarily employed as 
the basis for establishing safe commercial processes. Though it would have 
practically led to safe commercial processes, this procedure of using the 
maximum resistance value has been critically analyzed by Stumbo (25, 26). 

The results obtained in the present paper apparently indicate, as dem- 
onstrated in Figure 2, that the F values to be employed in evaluating 
thermal process should be values properly related to the spore number 
in foods, in order to make more precise calculations. For this purpose, 
Stumbo (26, 27) has proposed an improved method of process calculation 
which includes the logarithmic order of death of bacteria. 

One of the problems, which should be argued in view of the results of 
this paper, is the magnitude of the values which represents the initial 
number of spores of the organism to be destroyed. For the convenience of 
caleulation, Stumbo (27) used a concentration of 10 spores per g. of foods 
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as the initial number of spores to to be destroyed. However, it appears 
that this number is not well-grounded yet, because of the lack of adequate 
data concerning the concentration of the heat-resistant bacteria in foods. 

There is an urgent need for studies designed to give quantitative data 
concerning the number of the spores of Clostridium botulinum, Clostridium 


sporogenes and other important food spoilage bacteria in a variety of food 


produets. 
SUMMARY 

The spores of P.A. 3679 (Clostridium sporogenes) were suspended and 
heated in neutral phosphate buffer and then subcultured in liver broth. 
Marked increases in the survival times of the spores were observed by the 
presence of stratified thioglycolate agar on the liver broth. The survival 
times of the various spore concentrations were determined at the 4 heating 
temperatures, 105°, 110°, 115°, and 120°C. The relationships between 
spore concentration and survival time of each heating temperature could 
also be expressed by a general equation, which has been previously ob 
tained on the spores of aerobie bacilli 

Thermal-death-time curves for the 3 different spore concentrations in 
neutral phosphate buffer were constructed. It was shown that the z values 
for P.A. 3679 spores are equal to 28°F. for every spore concentration, 
while F values vary with the spore concentration giving the following 
values: F==12.08 for 1 10° spores per ml., F —8.69 for 1 10* spores per 
ml. and F==5.79 for 1 10? spores per ml. 

Temperature coefficients of death reaction of P. A. 3679 spores decreased 
slightly with rising temperature. Consequently, it should be pointed out 
that the thermal-death-time curve was not essentially a straight line, but 


was very slightly concave downward. 
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It was previously reported that pineapple fruits showing physiological 
breakdown contain less ascorbie acid than normal fruits (7). The results 
were obtained by analyzing pineapples which had been imported and 
which had been in transit for a week or ten days with the result that 
Under the circumstances 


fruits showed breakdown in an advanced degree. 
it was not possible to determine whether the loss of ascorbie acid was the 
cause or the effect of physiological breakdown. However, in subsequent 


experiments (2), it was discovered that a loss of ascorbie acid occurred in 


pineapples which had been exposed to low temperatures when the treat- 
ment was not severe enough to produce any visible symptoms of physio 
logical breakdown. When it was quite evident that chilling induced a 
destruction of ascorbic acid, attention was directed toward the possibility 
of developing treatment which would retard or prevent the loss of ascorbic 
acid at low temperatures. Mitchell, Ezell, and Wileox (3) reported that 
spraying snap beans with parachlorophenoxyacetie acid retarded the loss 
of ascorbie acid following harvest. The authors decided to treat pineapples 
with this same compound in the hope that the treatment would retard the 
loss of ascorbic acid and would therefore reduce the amount of physio- 
logical breakdown. Growth-modifying substances have been employed for 
regulating the blooming of pineapple and other tropical plants (4) and 
have been found useful in accelerating the post-harvest ripening of fruits 
like bananas, apples, and pears (5), but so far as is known to the authors, 
no one has reported the use of these compounds for reducing the effects of 
chilling of tropical fruits 
MATERIALS AND METHODS 


and 
these 


Concentrated solutions of the spray materials were prepared in Pittsburgh 
shipped to Florida to 2 commercial pineapple growers who have cooperated in 
experiments for the past 10 years. Parachlorophenoxyacetie acid (PCPA) erystals were 
dissolved in sufficient ‘* Tween 20°’ to make the final mixture 1% Tween and varying 
concentrations of the PCPA as deseribed. In all experiments the sprays were applied 
been ‘‘foreed’’ to bloom by treatment with acetylene 


to pineapple plants which had 
which ripened 


during the summer months. Thus the fruits under observation were those 
during the fall and winter months and which were most likely to develop physiological 
breakdown. The solutions were applied to the whole plant by means of a hand sprayer, 
the rate of application being roughly a quart to 60 plants 

Preliminary experiments were conducted with Abachi pineapples at West Boynton, 
Florida, during the winter of 1950. Parachlorophenoxyacetie acid was applied at the 
rate of 200 and 400 p.p.m. from one to 30 days before harvest. 

Fruits from plants which had received 400 p.p.m. of PCPA showed less breakdown 
than the controls but blooming had been irregular so that there were insufficient num 
bers of fruits in each lot to permit statistical analysis of the results 


ery 
tol 
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Experiments were repeated during the winter of 1951, at which time sprays were 
applied to Abachi pineapples at West Boynton and to the Natal variety at Sebring. 
Concentrations consisted of 400 and 800 p.p.m., applied at either 30 or 10 days before 
harvest. Blooming in the Abachi variety was again irregular and satisfactory numbers 
of fruits did not mature in time for the prescribed treatment. However, the results 
obtained were similar to those of the previous year, indicating a beneficial effect of 
spraying with PCPA, 

The Natal pineapples produced uniform blooms so that sufficient numbers of fruits 
were available for the prescribed treatment. Accordingly four lots were given the same 
treatment which was applied to the Abachi pineapples; namely, 400 and S800 p.p.m. 
PCPA, 30 and 10 days before harvest. Two sets of controls were included: one with no 
treatment and the other receiving Tween 20 only. When the fruits were ‘‘mature 
green,’’ they were harvested and shipped to the University of Pittsburgh by Railway 
Express. A crate, consisting of roughly 20 fruits, was sampled from each lot except 
those receiving the treatment 30 days prior to harvest. The latter 2 samples each con 
sisted of two crates, or 40 fruits. 

The pineapples usually reached the laboratory in the ‘‘ turning 
They were permitted to ripen at room temperature before being sampled. When ripe, 
each fruit was weighed, then cut and observed for degree of physiological breakdown. 
The data on weight and physiological breakdown were obtained from observation on a 
total of 163 fruits. 

An arbitrary system of classification was set up to indicate the extent of physio 


” ye 


if no more than 25% of the area 


stage of maturity. 


logical breakdown. The degree was listed as ‘‘ slight 
of a cut fruit was affected. The fruit was placed in this category even if only one dis 
colored spot, 4% inch in diameter, were present. For the most part fruits listed as 
having slight breakdown could be considered marketable. ‘* Moderate’’ breakdown was 
applied to fruits showing 25 to 50% of the cut area discolored. ‘‘Severe’’ breakdown 
indieated that 50% or more of the area was affeeted. Fruits with either moderate or 
severe breakdown were definitely not marketable. 

Ten pineapples from each lot were reserved for chemical analyses after observation 
for breakdown had been completed. These fruits were each sampled individually. They 
were peeled, cored and macerated in a Waring blendor. The juice was filtered through 
2 thicknesses of cheesecloth. Juice volume was determined by means of a graduated 
cylinder. Total soluble solids were estimated from specifie gravity readings which were 
obtained with a hydrometer. Total acid values represent the result of titrations of 
aliquots of the juice with standard NaOH, expressing the results as citrie acid. The pH 
determinations were made with a Beckman pH meter. Where average values for pH 
are presented, the original pH! values were first converted to hydrogen ion concentration 
before averaging. Ascorbic acid values were obtained by titrating aliquots of the juice 
with sodium 2,6-dichlorobenzenone. 


RESULTS 


The degree and amounts of physiological breakdown which were observed in the 
various lots of pineapples are shown in Table 1. Physiological breakdown was found in 


TABLE 1 
Effect of parachlorophenoxyacetic acid (PCPA) on physiological 
breakdown in pineapples 


Number of fruits showing different degrees 
of breakdown 


Treatment No 
break Slight Moder Severe Total 
down ite number 
No treatment = le uiascperrianmviaaiabiees 0 l 7 13 21 
Ee ORSINI situs vin sognincesntensetsabinecdusnctvstonions l 3 s aS 20 
400 p.p.m. PCPA 10 days before harvest..... 7 12 l 0 20 
800 p.p.m. PCPA 10 days before harvest 12 6 l 0 19 
400 p.p.m. PCPA 30 days before harvest 14 14 8 3Y 


800 p.p.m. PCPA 30 days before harvest 4 10 18 12 44 
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varying degrees in all of the pineapples of the untreated controls and in all but one of 
the fruits which had been treated with Tween 20 only. Spraying the plants with PCA 
10 days before harvest caused a reduction in both amount and severity of physiological 
breakdown. Lots which were sprayed with 800 p.p.m. of PCPA 10 days before harvest 
contained 65% sound fruits. Furthermore, even when physiological breakdown appeared 
in sprayed fruits (treated 10 days before harvest), the disorder was not as severe as in 
the control lots. When breakdown appeared in the 2 sprayed lots under discussion the 
degree of disorder was classified as either slight or moderate. 

Treating pineapple plants with PCPA 30 days before harvest was not nearly as 
satisfactory as was the treatment involving the shorter period. This was true for both 
the applications of 400 and 800 p.p.m. A few more sound fruits were found in these 
lots than in the controls but the differences were not great and the amount of control 
of breakdown cannot be considered economically important. Additional disadvantages 
of the longer interval between application of the spray and harvesting of the fruits will 
be apparent from consideration of some of the other observations. These are presented 
in Table 2. 

TABLE 2 
Effect of parachlorophenoxyacetic acid (PCPA) on weight, volume of juice, 
and juice constituents of the pineapple 
Average of 10 individual fruits 


Treatment Total 





Weight Juice soluble | Total pH = Aseorbi 

vol olids acid acid 
a ! yp ma. per 

100 0 100 

No treatment Oy] 150 10.6 Lor 14.3 
1% ** Tween 20’? 578 13s 10.6 110 25.4 
400 p.p.m. PCPA 10 days be fore harvest Hoo 144 11.1 115 38.7 
800 p._p.m. PCPA 10 days before harvest 625 153 11.0 1.19 40.6 
400 p.p.m. PCPA 30 days before harvest 174 8 104 L237 3.49 30.1 
SOO p.p.m. PCPA 30 days before harvest $75 106 10.1 1.03 3.51 16.9 


Treatment with PCPA 30 days before harvest resulted in significant reduction in 
the weight of the pineapples. Average weights of fruits in these lots were 474 g. for 
those receiving 400 p.p.m. and 475 for the 800 p.p.m. application. The average weights 
of the other lots ranged from 578 to 625 g. Differences between the weight of the 
controls and those receiving PCPA 10 days before harvest were not significant. The 
lower juice volumes in the 30-day lots are merely reflections of the reduced weights of 
the fruits. 

No significant differences were observed between treated and control lots in regard 
to total soluble solids, total acids or pH. In like manner differences between lots re 
ceiving no treatment and those receiving Tween 20 only were not significant. 

Greatest contrast between treated and control lots was observed in aseorbie acid 
content. The fruits which received 400 p.p.m. 10 days before harvest contained 38.7 mg 
of ascorbie acid per 100 ml. of juice and those reeeiving 800 p.p.m. at the same time 
contained 40.7 mg. The ascorbic acid content of the controls and those receiving Tween 
20 only was 14.3 and 25.4 mg. per 100 ml., respectively. The differences between treated 
and control lots are statistically significant. Although there was more ascorbie acid in 
the lots receiving Tween only than in those receiving no treatment, these differences are 
not significant. 

Ascorbic acid in the other lots, i.e., those which were sprayed 30 days before harvest, 
was slightly higher than in the controls but the differences were not significant. 

Two other effects of these sprays are obsrved. Crowns of treated fruits appeared 
smaller than those of the controls. Also approximately 10% of fruits receiving 800 
p.p.m. PCPA lost their crowns either during transit or following their arrival at the 
laboratory. This was true for this concentration irrespective of the time of the appli 
cation of the spray. A concentration of 400 p.p.m. of PCPA showed no effect on 
crowns other than to reduce their size. 
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DISCUSSION 

Results of these experiments show rather clearly that physiological 
breakdown of pineapples can be considerably reduced by properly-timed 
spraying of the plants with a solution of 800 p.p.m. of parachlorophenoxy- 
acetic acid. Treated lots contained few fruits showing breakdown and 
when it was present, the disorder was less pronounced. 

Classification of disordered pineapples into slight, moderate, and severe 
stages is entirely arbitrary and therefore subject to a certain amount of 
error. A better criterion of the effectiveness of the spray may be obtained 
by determining the ascorbic acid content of the fruits. It has been pointed 
out that chilling of pineapples results in a loss of ascorbic acid and that 
in severe cases of breakdown most of this vitamin may have been lost. It 
will be observed that in these experiments the lots which showed the larg 
est number of sound fruits likewise had the highest content of ascorbic 
acid. This represents a more quantitative means of estimating the effee- 
tiveness of the spray. 

The loss of tops in 100 of the fruits receiving the higher concentration 
of PCPA emphasizes the need for additional studies before making gen 
eral recommendations for commercial application of the compound. It is 
possible that a slight change can be made in the formulation which will 
eliminate the slight, deleterious effeet on tops without affecting effective 
ness of the spray. 

In the present tests the advantages of the treatment outweighed the 
disadvantages. The incidence of breakdown in winter-ripened pineapples 
may be very high in certain varieties and has been known to affect the 
whole crop. 

In the era when Florida-grown pineapples were all harvested during 
the summer months, physiological breakdown was observed only in fruits 
following extended periods of storage or transportation, and the disorder 
occurred rather infrequently. Under the conditions of the present prac 
tice of forcing the bloom so that pineapples ripen during the winter, 
physiological breakdown has become a much more serious problem. Ex- 
posure of mature green fruits in the field to temperatures between 32 
and 40°F, for a period of 48 hours may induce physiological breakdown 
in the entire crop. 

Like many other ‘‘out-of-season”’ fruits, winter-ripened pineapples com- 
mand higher prices and any treatment which maintains the fruits in a 
marketable condition would be welcomed by representatives of this rather 
specialized industry. 

SUMMARY 

Natal pineapples on a commercial plantation in Sebring, Florida, were 
sprayed with parachlorophenoxyacetic acid at the rate of 400 and 800 
p.p.m. Applications were made on one group of plants 30 days before 


harvest and on another 10 days before harvest. 

When applied 10 days before harvest both concentrations of parachloro- 
phenoxyacetie acid reduced the amount of physiological breakdown in the 
fruits, the higher concentration being the more effective. The percentage 
of sound fruits resulting from treatments applied 10 days before harvest 








EFFECT OF PCPA ON PINEAPPLES 1 


was as follows: Control, 0% ; 400 p.p.m., 359% ; 800 p.p.m., 6300. Sprayed 
fruits contained signiticantly higher quantities of ascorbie acid than the 


control pineapples. 
Application of the spray 30 days before harvest produced no significant 
reduction of physiological breakdown but resulted in a slight reduetion in 


size of fruits. 

The crowns of the treated fruits were slightly smaller than those of 
the controls. Roughly 10°) of the fruits receiving 800 p.p.m. parachloro 
phenoxyacetice acid had lost their crowns upon arrival at the laboratory. 

Total soluble solids, total acids, pli. and flavor of the juice were not 


affected by any of the treatments 
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